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1. INTRODUCTION 

1.1. Project Description 

This report details the basis for final stormwater design for the addition of a second Midtown Tunnel 
and extension of Martin Luther King (MLK) Expressway with a connection to Interstate 264 in Norfolk 
and Portsmouth, Virginia.  The intention of this stormwater report and associated drainage plans is to 
provide drainage analysis and design for the purpose of pricing, final right-of-way acquisition and 
construction.  Provided herein are the following: 

 Drainage criteria 
 Summary of the methodology for stormwater design on the Project 
 Stormwater management pre-final plan 
 Stormwater management calculations 
 Discussion of major stormwater issues on the Project 
 Culvert calculations 

 
The purpose of this report is to analyze the stormwater management design of the project area and 
determine necessary measures to comply with Virginia Department of Conservation and Recreation 
(DCR) and Virginia Department of Transportation (VDOT) requirements.  

2. STORM SEWER 

Due to the urban environment in the surrounding area, the primary method of storm water conveyance 
on the Project is storm sewer, ditches and culverts. The storm sewer is designed per the drainage 
criteria, located in Appendix A, and VDOT Drainage Manual (Revised September 2011).  All storm 
sewers on primary roadways are designed to the twenty-five year rainfall event and storm sewers on 
local streets are designed for the ten year rainfall event.  In the case that one continuous storm drain 
system is located on primary roads and local streets, the higher storm event governs.  

Stormwater runoff from the boat sections of the Midtown Tunnel is conveyed through modified inlets 
and ductile iron storm sewer to a pump station at either end of the boat section.  The pump stations will 
release this runoff directly to the Elizabeth River.  These pump stations are addressed in detail in the 
Portal Pump Stations Report (Revision 1) dated February 2013. 

There are two extremely large existing closed systems within the project limits which are modified as a 
result of the proposed roadway improvements.  The limits of these two existing closed systems extend 
well beyond the proposed construction and survey limits associated with this project.   The following 
justifications have been prepared to support not developing a comprehensive hydraulic analysis of 
these systems. 
 
48-inch RCP in King Street (Using Existing Structure 39-18 as the point of analysis) 
The existing stormwater flow rate in the existing 48-inch pipe running in King Street is not expected to 
increase after completion of the proposed roadway project due to the following reasons: 

1. In the existing condition, stormwater runoff from the section of Harbor Drive, approximately 
between Stations 1034+00 and 1039+50, is collected and conveyed via a storm sewer system 
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to the existing 48-inch pipe in King Street. However, in the proposed system, runoff from the 
proposed MLK Expressway section between approximately Stations 1034+00 to 1039+50 will 
be collected, routed through proposed Pond 25 before it is discharged back into the 48-inch 
pipe. 
 

2. No new drainage contributory area has been added to the existing drainage area of the 48-inch 
pipe in King Street. 
 

3. The Turnpike Road project will remove a significant contributory area from the existing 42-inch 
line from the former Cassel Avenue, which will remain connected to the existing 48-inch culvert 
in King Street. 
 

36-inch RCP north of London Boulevard (using Existing Structure 50-9 as the point of analysis) 
The existing stormwater flow rate in the existing 36-inch pipe that runs parallel to MLK Expressway and 
drains towards the north is not expected to increase after completion of the proposed roadway project 
due to the following reasons: 

1. In the existing condition, the 36-inch pipe collects runoff from Ramp A, runoff from portions of 
the Ramp B infield area collected via existing structures 46-5 and 46-7, and the section of the 
existing MLK Expressway between approximately stations 1046+00 and 1056+00. The 36-inch 
storm pipe eventually discharges into an existing 7’ x 6’ box culvert at structures 50-6, 50-9 and 
via structure 50-13. In the proposed system, the 36-inch pipe continues to receive runoff from 
Ramp A and the section of the existing MLK Expressway between approximately stations 
1046+00 and 1056+00. However runoff the Ramp B infield area, in the proposed condition, will 
be collected and routed through Pond 30 prior to discharge into the 7’x6’ box culvert.  
 

2. No new drainage contributory area has been added to the existing drainage area of the 36-inch 
pipe. 

Stormwater runoff from the proposed bridges on MLK Expressway and ramps has been designed per 
the drainage criteria and VDOT Bridge Manual, Volume V – Part 2, Chapter 22.  All bridge drainage is 
being conveyed through storm drain systems on the structures to central drop points at bridge supports. 
The runoff is then either dropped directly into stormwater management facilities or directed through 
underground storm sewer to outfalls in nearby stormwater management facilities or ditches.  

3. DITCHES 

Proposed ditches are located along the existing Interstate 264 corridor and both proposed tunnel 
approaches. Ditches are designed to convey the ten year storm and checked for stability with the two 
year storm, per the drainage criteria and VDOT Drainage Manual (Revised September 2011).  A few 
ditches along MLK have also been designed to convey the twenty-five year storm. Ditches with high 
velocity flows require protection either using EC-2 matting, EC-3 matting or concrete depending on 
design velocities.  Ditch calculations are located in Appendix G and ditch protection is shown on the 
Erosion and Sediment Control Plans. 
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4. STORMWATER MANAGEMENT 

The Stormwater Management design has been undertaken from a project wide perspective. Since 
there is lack of available right-of-way around the Midtown Tunnel on both the Norfolk and Portsmouth 
sides, water quality mitigation for these areas will be achieved through overtreatment in areas around 
the MLK extension and Interstate 264 Interchange. Table 1 provides the pre- and post-development 
land use for the entire project by outfall. Total project area includes offsite contributing areas treated by 
Stormwater Management Facilities (SWMFs). 

Outfalls 

Pre-
development 

C factor 
Area 
(Ac) 

Post-
development C 

factor 
Area 
(Ac) 

Basin 5 0.52 5.55 0.67 5.55 
Pond 7 0.47 3.41 0.68 3.41 
Ramp C Basin 0.70 0.71 0.83 0.71 
Ramp EN Basin 0.52 0.87 0.72 0.87 
Pond 8 0.49 4.96 0.61 4.96 
Pond 14 0.43 11.28 0.63 11.28 
Pond 19 0.79 21.90 0.84 21.90 
Pond 20 0.49 38.54 0.54 38.54 
Pond 24 0.85 7.70 0.89 7.70 
Pond 25 0.70 6.00 0.67 6.00 
Pond 30 0.52 12.60 0.62 12.60 
MTT Norfolk 0.70 17.15 0.80 17.15 
MTT Portsmouth 0.85 14.82 0.86 14.82 

Total Project  0.63 145.49 0.70 145.49 
Table 1 – Overall Pre- and Post-Development Land Use 

The drainage outfalls adjacent to the Midtown Tunnel convey directly to the Elizabeth River. Thus, the 
channel is deemed to be adequate in regards to any additional flow from increased impervious area 
from the proposed Project. 

Existing drainage patterns have been maintained in the proposed design, with runoff being mitigated 
using SWMFs including detention and retention ponds to meet water quality and quantity requirements.  
In some areas, stormwater runoff has been mitigated for more than just the additional runoff that is 
being generated by the Project to help lower flows into existing undersized storm sewer systems. Table 
2 presents the pre- and post-development flows for all SWMFs on this Project. In every scenario, the 
post-development flows are significantly lower than the pre-development flows thus existing outfalls are 
considered adequate.  
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BMP 
PRE-DEV  
2-YR (cfs) 

POST-DEV  
2-YR (cfs) 

PRE-DEV 
25-YR (cfs) 

POST-DEV  
25-YR (cfs) 

PRE-DEV 
100-YR (cfs) 

POST-DEV  
100-YR (cfs) 

Basin 5 14.63 3.82 22.50 8.06 32.20 11.88 
Pond 7 7.49 3.23 12.73 5.11 19.57 7.08 
Pond 8 8.27 1.07 13.39 3.71 19.52 8.92 
Pond 14 14.08 0.15 26.09 0.23 33.35 0.26 
Pond 19 18.77 12.20 36.15 26.92 72.95 35.83 
Pond 20 34.56 2.82 66.58 24.03 107.15 47.66 
Pond 24 38.30 0.14 57.20 0.17 82.35 0.22 
Pond 25 13.35 1.05 19.16 2.18 27.84 3.03 
Pond 30 25.21 0.18 47.29 0.21 67.67 0.26 
Ramp C Basin 2.79 0.22 3.81 1.52 6.02 2.55 
Ramp EN Basin 2.95 0.26 4.45 3.29 6.36 4.67 

Table 2 – Pre- and Post-Development Flows for Stormwater Management Facilities 

Existing systems have been identified that are undersized for the existing conditions and are prone to 
flooding. The first example is a thirty inch trunk line under Frederick Boulevard, which runs in a 
southeast direction from the Frederick Boulevard, Interstate 264 Interchange and eventually outfalls 
near Elliot Avenue.  Another example of an undersized existing system is an existing thirty inch culvert 
that crosses Interstate 264 at station 1446+45.  Calculations for the existing and proposed scenarios 
are located in Appendix H – Existing Culvert Analysis 

4.1. Existing 30” Culvert under Interstate 264 

An area of concern is an undersized existing thirty inch culvert under Interstate 264 at around station 
1446+45 (shown in Figure 1) that conveys significant existing drainage area from the graveyard as well 
as stormwater from Pond 14, across the Interstate from south to north.  Pond 14 has been sized large 
enough to mitigate increased flows from the additional impervious area as well as to mitigate the 
existing flows. Still, the existing thirty inch culvert has been determined to be inadequate. As a result, 
an additional thirty inch reinforced concrete pipe is proposed to be jacked under I-264 alongside the 
existing thirty inch culvert.   
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Figure 1 - Existing 30" Culvert under I-264 

4.2. Frederick Boulevard/I-264 Intersection 

This Project has taken great measures to assure the Frederick Boulevard area is not negatively 
impacted by proposed improvements. Drainage from proposed MLK Expressway Ramp EN has been 
directed to an existing dry detention basin (proposed Pond 7) located on the south side of I-264 at 
station 1404+00. To reach the detention basin, a storm sewer pipe will be jack and bored underneath 
an existing I-264 ramp. The existing dry detention has been modified to accommodate the additional 
area so that the basin continues to function correctly and contain the 100-year storm with 1’ of 
freeboard. The proposed design is shown below in Figure 2.  



D0103030109, D0103030110  Final Hydrologic and Hydraulic Design Report 
 

Elizabeth River Tunnels Project 
Page 9 of 185 6/7/2013 

 

Figure 2 – Expanded Existing Dry Detention Pond 

Also, two small detention basins have been added near the intersection to minimize discharge into the 
existing 30” storm sewer system in Frederick Boulevard. Upstream of this Project, VDOT recently 
constructed two detention ponds to reduce the potential and frequency of flooding in the interchange. 
The combination of all these detention ponds reduces the post-development flows to less than pre-
development flows. The proposed design is shown below in Figure 3. 

 

Figure 3 - Frederick Blvd Intersection 
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4.3. 36” Culvert under Interstate 264 

The second culvert under Interstate 264 is a thirty-six inch reinforced concrete pipe located at station 
1452+50 and is shown in Figure 4. This culvert is actually part of a storm sewer system which conveys 
stormwater from a large drainage area to the south of the Project.  The calculations for this pipe are 
found in Appendix H – Existing Culvert Analysis. The Project is not adding to the runoff in this system, 
and although inadequate for existing flows, upgrading this culvert would lead to negative effects on the 
north side of I-264. 

 

Figure 4 - Existing 36" Culvert under I-264 

4.4. Proposed Box Culverts – Turnpike Road Project 

VDOT’s proposed Turnpike Road Improvement Project may be constructed concurrently with the MLK 
Expressway. As part of the VDOT project’s design a proposed double six-foot by five-foot box culvert 
will be placed along Turnpike Road, and connected to the existing double box culvert to the east in 
Constitution Avenue. The outfall of Pond 24 will be connected to this box culvert and eventually to the 
outfall located north of London Boulevard at Chesapeake Avenue. 

Delineations for each drainage basin of the Project are presented in Appendix C – Drainage Area 
Maps. 
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5. STORMWATER MANAGEMENT FACILITIES 

Stormwater Management Facilities proposed on the Project include detention and retention ponds. 
These ponds are located along the MLK Expressway and in the vicinity of the MLK 
Expressway/Interstate 264 Interchange and are identified on the MLK Roadway Plans.  There are 
seven (7) large stormwater management facilities in this Project; Ponds 14 and 30 are designed as 
Type III Retention Ponds (wet), Ponds 19, 24, and 25 are designed as Type I Retention Pond (wet), 
and Ponds 8 and 20 are designed as Extended Detention Ponds (dry). Also, there are four (4) smaller 
stormwater management facilities in this Project designed as detention basins to aid in lowering 
stormwater discharges into existing storm sewer systems. Ground water elevations were determined 
through geotechnical testing, test wells and field observations. Table 3 provides a summary of the 
ground water elevations used in the design of each SWMF. 

 

SWMF 
Ground Water 
Elevations (ft) 

Basin 5 8.0 
Pond 7 8.5 
Ramp C Basin 9.0 
Ramp EN Basin 8.0 
Pond 8 10.0 
Pond 14 9.0 
Pond 19 8.5 
Pond 20 6.5 
Pond 24 8.5 
Pond 25 5.0 
Pond 30 5.0 

Table 3 – Ground Water Elevations 

 

All stormwater management facilities comply with the Virginia Stormwater Management Handbook, 
Volumes 1 and 2, First Edition 1999. Earthen embankments on ponds are designed to Minimum 
Standard 3.01, sediment forebays are designed to Minimum Standard 3.04, retention ponds are 
designed to Minimum Standard 3.06 and detention ponds are designed to Minimum Standard 3.07. 
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Pond 8, presented in Figure 5, is a proposed extended detention pond in the southeast quadrant of the 
Frederick Boulevard and Interstate 264 Interchange.  The pond has a total contributing drainage area of 
4.96 acres from eastbound lanes of Interstate 264 and proposed Ramp EN. This pond accepts Project 
flows as well as offsite flows, which contribute to the total water quality requirements of the Project. 
Stormwater discharge is conveyed from the pond into the existing thirty inch storm sewer system 
located in westbound Frederick Boulevard.  

 

Figure 5 – Proposed Extended Detention Pond 8 
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Pond 14, presented in Figure 6, is located inside Ramp SE and collects 11.28 acres from the 
eastbound lanes of Interstate 264 and the interchange ramps. This pond accepts Project flows as well 
as offsite flows, which contribute to the total water quality requirements of the Project. Pond 14 is sized 
to mitigate increased flows from the additional impervious area as well as mitigate the existing runoff 
thus reducing the existing peak flow to the undersized downstream storm sewer system.  Stormwater is 
conveyed from the pond, into a ditch on the south side of Interstate 264, under Interstate 264 through a 
double thirty inch culvert and into Pond 20.   

 

Figure 6 – Proposed Type III Retention Pond 14 
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Pond 19 is to be located to the east of the MLK Expressway and to the north of Interstate 264. Pond 19 
collects 21.90 acres of existing westbound Interstate 264, proposed Ramp NW, and industrial area 
along Columbus Avenue.  This pond is type II retention basin and is presented in Figure 7. This pond 
accepts Project flows as well as offsite flows, which contribute to the total water quality requirements of 
the Project and outfalls into Pond 20. The HERC property was evaluated for the potential contaminated 
groundwater mitigation to Pond 19. The results of this investigation were documented in the HERC & 
Murro Chemical Properties Phase 1 ESA (dated September 17, 2012) and HERC/BCSC Property 
Phase 1 ESA – Addendum 1 (dated March 18, 2013)  

Pond 20, presented in Figure 7, is a proposed extended detention basin which outfalls to an existing 
drainage system to the north.  It collects 24.87 acres of residential and industrial area from the south 
side of Interstate 264 as well as 13.67 acres of industrial, proposed Ramp north of Interstate 264 for a 
total contributing area of 38.54 acres.  This pond accepts Project flows as well as offsite flows, which 
contribute to the total water quality requirements of the Project. The pond eventually outfalls into an 
existing 5’x3’ box culvert that traverses northward towards CSXT property.  The issues surrounding this 
existing culvert are discussed in Section 9. 

 

Figure 7 - Proposed Type II Retention Pond 19 and Extended Detention Pond 20 
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Pond 24 is a detention pond located on the south side of Turnpike Road and Pond 25 is a detention 
pond located on the north side of Turnpike Road, both presented in Figure 8.  Pond 24 has a 
contributing drainage area of 7.70 acres and pond 25 has a contributing drainage area of 6.00 acres.  
The outfall of pond 25 will connect into the rerouted 42” storm sewer system that eventually runs under 
King Street. The outfall of pond 24 will connect to the proposed box culverts in Turnpike Road (as part 
of a separate VDOT Project).  Construction schedule and sequencing will need to be coordinated with 
the VDOT Turnpike Road project to complete construction of this proposed pond outfall. This is 
discussed in more detail in Section 7.4. 

 

Figure 8 - Proposed Detention Ponds 24 and 25 
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Pond 30, located in the infield of the existing London Boulevard ramp, collects 12.60 acres of existing 
roadway, industrial area, residential area and proposed MLK roadway. It is designed as a type III 
retention pond and outfalls to an existing box culvert.  Stormwater is then conveyed to an existing 
jurisdictional wetland just the north of the London Boulevard Interchange and ultimately to the Elizabeth 
River.  This pond accepts Project flows as well as offsite flows, which contribute to the total water 
quality requirements of the Project. Pond 30 is shown in Figure 9.  

 

Figure 9 - Proposed Type III Retention Pond 30 

Stormwater management ponds contributing areas are outlined in Appendix C – Drainage Area Maps 
while time of concentration calculations and pond routing is located in Appendix D – Stormwater 
Management Calculations. 

6. STORMWATER QUALITY MITIGATION 

Maintaining water quality during operation of the facilities is an important element of the design criteria 
for the Project. Runoff from the project area conveys into the Elizabeth River and its tributaries and 
ultimately into the Lower Chesapeake Bay. In order to provide water quality mitigation, the Project is 
being evaluated as a whole.  This includes the Midtown Tunnel and its approaches, the MLK 
Expressway, the MLK Expressway/Interstate 264 Interchange and the widening of Interstate 264 
adjacent to the Interchange. 

Due to the lack of available right-of-way in the vicinity of the Midtown Tunnel portals, no water quality 
mitigation is proposed in these areas. Instead, overtreatment will be provided on the MLK portion of the 
project. This treatment is provided by the detention and retention ponds detailed in Section 5. The 
following is a summary of the water quality analysis results: 
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 The total net impervious area being added due to the Project is 11.5 Acres. 
 The total additional phosphorus loading from the Project is 58.02 lbs/yr (including the 10% 

additional removal requirement). 
 The total phosphorus removed by the proposed stormwater management facilities is 68.90 

lbs/yr. 
 

All water quality calculations are provided in Appendix D – Stormwater Management Calculations. 

7. TIDAL FLOOD MITIGATION 

One existing stormwater problem identified is the repetitive tidal flooding of the existing Midtown Tunnel 
through the Norfolk portal.  This is thought to be caused during tidal events, where the tide will 
surcharge the existing storm sewer systems around the Norfolk portal and contribute to significant flows 
entering the tunnel.  The largest example of this occurred in September 2003, when the tunnel was 
closed for over a month when the floodgate could not be closed properly and the tunnel flooded during 
Hurricane Isabel. 

Our analysis determined that the existing outfall to the south of the crash house and its subsequent 
drainage system were allowing the tide to flow “up” through existing inlets and into the approach lanes 
to the tunnel.  Furthermore, another drainage system to the east of the crash house, which drains the 
infield area next to Brambleton Avenue, allows higher stage tidal events to encroach on the approach 
lanes from this direction. 

Improvements are proposed to decrease the frequency and severity of tidal flooding of the Norfolk 
portal.  They are summarized below: 

 Constructing a ten foot wide berm behind the crash house at elevation 8.25 NAVD 88 to prevent 
overland flow encroaching onto the roadway. 

 Removing and re-directing the existing drainage system adjacent to the Norfolk crash house. 
 Upgrading the existing pump station (to the south of the portal) to address additional flow from 

re-directed storm drain system. 
 Protecting Ramp B with a flood wall and berm on the seaward side of the ramp. 
 Modifying the vertical grade of eastbound Hampton Boulevard just east of the existing 

Brambleton Boulevard overpass bridge to function as a “berm”. 
 Constructing Access Road N and Driveway N1 to an elevation that allows them to function as 

part of the berm system. 
 Constructing a ten foot wide berm behind the crash house to prevent overland flow from the 

south. 
 

The Tidal Flood Protection – Midtown Tunnel Norfolk Approach Area Memorandum located in Appendix 
E – Tidal Flood Protection thoroughly discusses the methodology for providing flood protection at the 
Norfolk approach. 

8. CSX CULVERT ANALYSIS 

The downstream pipe from Pond 20 is an existing five-foot by three-foot box culvert which conveys 
stormwater under the CSX Property to the north through adjacent thirty inch and forty-two inch culverts.  
It became apparent that the thirty inch and forty-two inch culverts were undersized for the existing 
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conditions; hence a Stormwater Management Model was developed in the Preliminary Hydrologic and 
Hydraulic Design Report dated April 2011 to analyze the systems conveying runoff to these pipes.  This 
model was used to verify the sufficiency of the proposed ponds 14, 16 (now 19) and 20 in relation to the 
outfall pipes under the CSX Property.  The model shows that by over sizing the ponds such as 
proposed, the culverts under CSX are adequate to handle the runoff in the proposed condition.  Each 
pond in the system is shown to safely pass the 100 year storm event, with at least one foot of freeboard 
above the peak stage, per VDOT criteria.  In short, no additional facilities are required to convey 
stormwater under the CSX Property.   

A summary of the proposed land use areas and analysis of Pond 20’s outfall to the existing CSX 5’x3’ 
box culvert are located in Appendix I – Existing CSX Outfall Analysis. The proposed design has 
significantly decreased the discharge from the project. The Pond 20 summary in Appendix D – 
Stormwater Management Calculations and Table 2 show the dramatic decrease in discharge to the 
CSX 5’x3’ box culvert. 
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9. APPENDICES 

9.1. APPENDIX A – Drainage Design Criteria 
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9.2. APPENDIX B – FEMA Flood Maps 
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9.3. APPENDIX C – Drainage Area Maps 

  









M
W

Sign

Old Rails

Sign

O/H RR SIgnal

CrossIng Arm

CrossIng Arm

O/H RR SIgnal

RR Cab

S
o
u
n
d
 

W
a
ll

Switch

S
ig

n

Old Rails

Old Rails

Switch

S
ig

n

S
o
u
n
d
 

W
a
ll

D
itc

h

Ditch

F
u
e
l 

C
a
p
s

Is
la

n
d
s

F
u
e
l

~

~

S
ig

n

Old Tracks

~

~~

~
~

~

~

~

~

To
e
 
o
f 

S
lo
p
e

T
o
e
 
o
f 

S
lo

p
e

28
-08

28-01

25-20

2
5
-

1
9

27-11

27-10

27-09

2
7
-

0
6

27-03

27-08

27-0127-32

30
-
03

3
0
-
0
2

28-05

28-
09

28-02

28-06

27-05

27-02

28-04

28-03

28-07

27-07

2
7
-

0
7

30-04

30-01

1
:5
8
:5
5
 P

M
1
1
/5
/2
0
1
2

c
:\
p
ro
je
c
tw
is
e
\p
b
\p
ro
je
c
tw
is
e
in
t\
a
n
th
o
n
y
.e
v
e
tt
\d

m
s
3
9
0
7
8
\C
lo
s
e
d
 S

y
s
te

m
 D
ra
in
a
g
e
 A
re
a
s
_
S
h
e
e
t 
0
1
.d
g
n

0

SCALE

100’ 200’

MLK EXPRESSWAY EXTENSION

1

SHEET NO.

CLOSED SYSTEM DRAINAGE AREAS



MW

Ditch

Ditch

Dit
ch

D
it
c
h

Ditch

Ditc
h

D
it
c
h

D
it
c
h

D
it
c
h

D
it
c
h

D
it
c
h

D
it
c
h

Ditch

Ditch

D
it
c
h

D
itc

h

D
it
c
h

D
ry
 

D
e
te

n
ti
o
n
 
P
o
n
d

D
itc

h

Truck

LoadIng

Dock

~

~

Well

D
it
c
h

Di
tc

h

Di
tc

h

D
itc

h

Di
tc

h

Di
tc

h

Di
tc

h

13-
05

1
4
-

0
8

20-14

20-
13

0

SCALE

100’ 200’

MLK EXPRESSWAY EXTENSION

2

SHEET NO.

CLOSED SYSTEM DRAINAGE AREAS

2
:0
1
:1
7
 P

M
1
1
/5
/2
0
1
2

c
:\
p
ro
je
c
tw
is
e
\p
b
\p
ro
je
c
tw
is
e
in
t\
a
n
th
o
n
y
.e
v
e
tt
\d

m
s
3
9
0
7
8
\C
lo
s
e
d
 S

y
s
te

m
 D
ra
in
a
g
e
 A
re
a
s
_
S
h
e
e
t 
0
2
.d
g
n



Conc

Conc

6
"C

urb

6
"C

urb

M
W

2
4
"C

&
G

2
4
"C

&
G

D
itc

h

Ditch

D
itc

h

Ditch

Ditch
Ditch

D
itc

h

D
itc

h

Ditch

D
itc

hDitch

B
rick

C
o
n
c
.W

a
lk
s

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

2
4
"
C

&
G

2
4
"
C

&
G

C
o
n
c
.G

u
tte

r

C
o
n
c
.G

u
tte

r

2
4
"
C

&
G

2
4
"
C

&
G

R
a

m
p

24"C&G

24"C&G

24"C&G

24"C&G

6"Curb

Conc

2
4
"
C

&
G

2
4
"
C

&
G

Conc.W
alk

Conc.W
alk

Asphalt

C
o
n
c
.W

a
lk

24"C&G

C
o
n
c
.W

a
lk
s

R
a

m
p

R
a

m
p

Conc.Walks

C
onc.W

alks

C
o
n
c
.W
a
lk

C
o
n
c
.W

a
lk

C
onc.W

alks

Conc.Walks

Conc.Walks

Conc.Walks

Conc.Walks

2
4
"
C

&
G

2
4
"
C

&
G

2
4
"C

&
G

2
4
"
C

&
G

2
4
"
C

&
G

V
a
lle

y
 

G
u
tte
r

V
a
lle

y
 

G
u
tte

r

V
a
lle

y 
G
u
tte
r

6
"C

u
rb

6
"
C
u
rb

6
"
C
u
r
b

C
o
n
c
.W

a
lk

C
o
n
c
.W
a
lk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

S
ig

n

S
ig

n

Conc.Ramp

2
4
"C

&
G

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

6
"C

u
rb

3
0
"C

&
G

24"C&G

24"C&G

30"C&G

3
0
"
C

&
G

24"C&G

24"C&G

24"C&G

Conc.Walk

C
o
n
c
.W

a
lk

G
re
a
s
e
 
B
o
x

B
a
tte

r
y
 

B
o
x

S
ig

n
a
l 

B
a
s
e

E
P

B
a
tte

r
y
 

B
o
x

A
sp

h
a
lt

A
sp

h
a
lt

A
sp

h
a
lt

Je
rs
e
y 

B
a
rrie

r

Je
rs
e
y 

B
a
rrie

r

Je
rs
e
y 

B
a
rrie

r

C
o
n
c
.B
rid

g
e

C
o
n
c
.B
rid

g
e

6
"
C

C

D
itc

h

B
ric

k
 

W
a
lk

T
r
u
c
k

L
o
a
d
In

g

D
o
c
k

Old RR Spur

C
o
n
c

~

~

E
P

E
P

E
P

E
P

6
"C

u
rb

6
"C

u
rb

W
e
ll

D
itch

D
itc

h

D
itc

h

Ditch

D
itc

h

D
itc

h

D
itc

h

G
W

G
W

Trans.

U
K

N

24"C&G

Toe 
of 

S
lope

T
o
e
 
o
f 

S
lo
p
e

S
t’d
. 

G
R
-
9

S
t’d
. 

G
R
-

7

S
t’d
. 

G
R
-
1
1

St’d. GR-11

(
1
2
 

S
L

O
T
S
 

R
E

Q
)

2
’ 

X
 
.5
’ 

S
L

O
T
S
 

A
T
 
1
2
’ 

C
E

N
T
E

R
S

S
T

A
 
3
4
8

+
6
0
 

T
O
 

S
T

A
 
3
5
0

+
0
5

S
L

O
T
E

D
 

B
A

R
R
IE

R
 

R
A
IL

(
2
 

S
L

O
T
S
 

R
E

Q
)

2
’ 

X
 
.5
’ 

S
L

O
T
S
 

A
T
 
1
2
’ 

C
E

N
T
E

R
S

S
T

A
 
3
4
9

+
7
5
 

T
O
 

S
T

A
 
3
5
0

+
0
5

S
L

O
T
E

D
 

B
A

R
R
IE

R
 

R
A
IL

2’
 

X 
.5
’ 

SLO
TS
 

AT 
12
’ 

C
EN

TE
R
S

STA 
20

0+
00
 
TO
 
STA 

20
3+

75

SLO
TE

D
 
B

AR
R
IE

R
 
R

AI
L

2
’ 

X
 
.5
’ 

S
LO

TS
 

AT 
1
2
’ 

C
E
N
TE

R
S

S
TA 

1
0
7
+
2
5
 
TO
 
S
TA 

1
0
9
+
0
0

S
LO

TE
D
 
B

AR
R
IE

R
 
R

AIL

C = 0.90

0.158 AC

12-02

C = 0.90

0.446 AC

15-04

C = 0.90

0.436 AC

15-21

C = 0.90

0.204 AC

15-04

C = 0.90

0.291 AC

18-01

C = 0.90

0.072 AC

13-05

C = 0.90

0.336 AC

14-08

C = 0.90

0.013 AC

23-07

C = 0.90

0.013 AC

23-05

C = 0.90

0.013 AC

23-09

C = 0.90

0.134 AC

23-01

C = 0.90

0.026 AC

23-02

C = 0.90

0.127 AC

17-01

C = 0.90

0.190 AC

17-08

C = 0.90

0.306 AC

15-07

C = 0.90

0.676 AC

15-03

C = 0.90

0.007 AC

16-02

C = 0.90

0.013 AC

23-10

C = 0.90

0.008 AC

16-04

C = 0.90

0.013 AC

23-08

C = 0.90

0.054 AC

15-16

C = 0.90

0.421 AC

17-06

C = 0.90

0.034 AC

15-20

C = 0.90

0.012 AC

23-04

C = 0.90

0.040 AC

14-06

C = 0.90

0.013 AC

23-06

C = 0.90

0.093 AC

15-15

C = 0.90

0.008 AC

17-03

C = 0.90

0.041 AC

14-05

C = 0.90

0.135 AC

17-05

C = 0.90

0.089 AC

15-19

C = 0.90

0.041 AC

14-04

C = 0.90

0.007 AC

17-02

C = 0.90

0.056 AC

17-04

C = 0.90

0.013 AC

23-03

C = 0.90

0.113 AC

16-01

C = 0.90

0.078 AC

__-__

C = 0.90

0.113 AC

16-05

C = 0.90

0.007 AC

16-03

C = 0.90

0.125 AC

15-06

C = 0.90

0.076 AC

15-09

C = 0.90

0.075 AC

17-07

C = 0.90

0.039 AC

15-13

C = 0.90

0.026 AC

15-11

C = 0.90

0.037 AC

14-01

C = 0.90

0..038AC

15-10

C = 0.90

0.059 AC

14-03

C = 0.90

0.038 AC

15-12

C = 0.90

0.037 AC

14-02

C = 0.90

0.037 AC

15-14

C = 0.90

0.492 AC

20-19

C = 0.90

0.649 AC

__-__

C = 0.90

0.061 AC

23-11

C = 0.90

0.058 AC

23-13

C = 0.90

0.190 AC

23-14

C = 0.90

0.177 AC

23-15

C = 0.90

0.177 AC

24-03

C = 0.90

0.085 AC

24-04

C = 0.90

0.087 AC

24-05

C = 0.90

0.863 AC

24-01

C = 0.90

0.310 AC

24-02C = 0.90

0.040 AC

24-06

C = 0.90

0.030 AC

24-07

C = 0.90

0.023 AC

24-08

C = 0.90

0.020 AC

24-09

C = 0.90

0.017 AC

24-10

C = 0.90

0.017 AC

24-11

C = 0.90

0.016 AC

24-13

C = 0.90

0.016 AC

24-14

C = 0.90

0.008 AC

24-15

C = 0.90

0.015 AC

24-12

6
:2
8
:3
7
 P

M
1
1
/5
/2
0
1
2

c
:\
p
ro
je
c
tw
is
e
\p
b
\p
ro
je
c
tw
is
e
in
t\
e
d
d
ie
.d
o
k
u
\d

m
s
3
9
0
7
8
\M

L
K
-S

p
re
a
d
 D
ra
in
a
g
e
 A
re
a
s
_
S
h
e
e
t_
0
1
.d
g
n

0

SCALE

100’ 200’

MLK EXPRESSWAY EXTENSION

DRAINAGE SPREAD AREAS

SHEET NO.

1

C = 0.90

0.056 AC

23-12

C = 0.90

0.260 AC

20-01

C = 0.90

0.009 AC

24-16

C = 0.90

0.009 AC

24-18

C = 0.90

0.009 AC

24-17



C
o
n
c
.W

a
lk

Ramp

30"C&G

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

2
4
"
C

&
G

2
4
"
C

&
G

6"
Cu
rb

6"
Cu
rb

6"Curb

6
"C

u
rb

6
"C

u
rb

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

2
4
"
C

&
G

2
4
"
C

&
G

6
"C

u
rb

6
"C

u
rb

18"C&G
24"C&G

E
P

EP

18"C&G

C
o
n
c

C
o
n
c

1
8
"
C

&
G

1
8
"
C

&
G

18"C&G

18"C&G

18"C&G

18"C&G

Ditc
h

C
o
n
c

C
o
n
c

R
a

m
p

W
o
o
d

6
"C

u
rb

6
"C

u
rb

MW

2
4
"C

&
G

2
4
"C

&
G

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

2
4
"
C

&
G

2
4
"
C

&
G

6"
Cu
rb

Con
c.B

ridg
e

Con
c.B

ridg
e

6"Curb

Conc.Walk

Conc.Walk

24"C&G

24"C&G

Conc.Walks

6"
Cu
rb

6
"
C
u
rb

V
a
ll
e
y
 

G
u
tt
e
r

6
"
C
u
rb

C
o
n
c
.W

a
lkC

o
n
c
.W

a
lk

2
4
"
C

&
G

Co
nc
.Walk

s

Conc
.Gutte

r

24"C&G
Conc.W

alk

Conc
.Walk6"Cu
rb

2
4
"
C

&
G

6"
Cu
rb

6"
Cu
rb

Co
nc

6
"
C
u
rb

2
4
"
C

&
G

6
"
C
u
rb

30
"C

&G

Co
nc
.W

alk
s

Co
nc
.W

alk

6"Curb

Conc.Walk

Conc.Walk

C
o
n
c
.W

a
lk

2
4
"
C

&
G

2
4
"
C

&
G

24"C&G

24"C&G

2
4
"
C

&
G

2
4
"
C

&
G

Conc.Walks

Conc.Walks

6
"
C
u
r
b

24"C&G

24"C&G

Conc.Walk

Conc.Walk

6
"
C
u
r
b

2
4
"
C

&
G

2
4
"
C

&
G

Con
c.Walks

6
"
C
u
r
b

6"
Cu
rb

6"
Cu
rb

Co
nc
.W

alk

24
"C

&G

6"
Cu
rb

Conc

Co
nc
.W

alk

Walk

Conc

30"
C&G

24"C&G

Co
nc

2
4
"
C

&
G

C
o
n
c
.W

a
lk

6"C
urb

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk2

4
"
C

&
G

2
4
"
C

&
G

2
4
"
C

&
G

2
4
"
C

&
G

Co
nc

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

Co
nc

C
o
n
c

2
4
"
C

&
G

2
4
"
C

&
G

2
4
"
C

&
G

2
4
"
C

&
G

Ditch

Ditch

Dit
ch

D
it
c
h

Ditch

Ditc
h

D
it
c
h

D
it
c
h

D
it
c
h

D
it
c
h

D
it
c
h

D
it
c
h

Ditch

Ditch

D
it
c
h

D
itc

h

D
it
c
h

C
o
n
c

30
"C&G

30
"C&G

2
4
"
C

&
G

2
4
"
C

&
G

Co
nc
.Walk

Co
nc
.Walk

Co
nc
.Walk

30
"C&G

30
"C&G

30
"C&G

C
o
n
c
.W

a
lk

2
4
"
C

&
G

2
4
"
C

&
G

D
ry
 

D
e
te

n
ti
o
n
 
P
o
n
d

Ramp

Ramp

D
itc

h

24"C&G

24"C&G

Co
nc

~

~
6"Curb

6"C
urb

6"C
urb

EP

6"C
urb

6"C
urb

6"C
urb

6"C
urb

6"C
urb

6"C
urb

6"C
urb

6"C
urb

6"C
urb

6"C
urb

Wood Ramp

Wood Ramp

6"C
urb

EP

EP

EP

E
P

6
"C

u
rb

Di
tc

h

Di
tc

h

D
itc

h

Di
tc

h

Di
tc

h

Di
tc

h

G
W

G
W

Co
nc
. 

Br
idg

e 
Fo

ot
ing

(2
)

T
r
a
n
s
.

UKN

18"C&G

SSMH

MetalHatch

Conc

To
e
 
o
f 

S
lo
p
e

To
e 

of
 S
lo
pe

Di
tc

h

w/2’ Hole

Headwall

St’
d. 

GR-
9

St’d. 
GR-7

St
’d
. 

G
R
-
11

S
t’
d
. 

G
R
-
1
1

2
’ 

X
 
.5
’ 

S
LO

TS
 
A
T 

1
2
’ 

C
E
N
TE

R
S

S
TA
 
1
0
7
+
2
5
 
TO
 
S
TA
 
1
0
9
+
0
0

S
LO

TE
D
 
B
A
R
R
IE

R
 
R
A
IL

MLK EXPRESSWAY EXTENSION

DRAINAGE SPREAD AREAS

2

0

SCALE

100’ 200’

c
:\
p
ro
je
c
tw
is
e
\p
b
\p
ro
je
c
tw
is
e
in
t\
e
d
d
ie
.d
o
k
u
\d

m
s
3
9
0
7
8
\M

L
K
-S

p
re
a
d
 D
ra
in
a
g
e
 A
re
a
s
_
S
h
e
e
t_
0
2
.d
g
n

1
1
/5
/2
0
1
2

6
:2
9
:4
7
 P

M

SHEET NO.

C = 0.90

1.127 AC

20-13

C = 0.90

0.255 AC

20-14

C = 0.90

0.130 AC

20-16

C = 0.90

0.288 AC

21-14

C = 0.90

0.300 AC

21-04

C = 0.90

0.307 AC

21-01

C = 0.90

0.143 AC

21-10

C = 0.90

0.190 AC

20-08

C = 0.90

0.260 AC

20-03

C = 0.90

0.234 AC

20-01



2
4
"
C

&
G

C
o
n
c

24"C&G

24"C&G

Conc.Walk

Conc.Walk

2
4
"
C

&
G

2
4
"
C

&
G

2
4
"C

&
G

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

6
"C

u
rb

3
0
"C

&
G

24"C&G

24"C&G

30"C&G

3
0
"
C

&
G

24"C&G

24"C&G

24"C&G

Conc.Walk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

2
4
"C

&
G

C
o
n
c

C
o
n
c

Conc
Conc

Conc

6
"
C
u
rb

3
0
"
C

&
G

Conc.Walk

C
o
n
c
.W

a
lk

2
4
"
C

&
G

2
4
"
C

&
G

C
o
n
c
.W

a
lk

2
4
"
C

&
G

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

M
W

6
"
C
u
r
b

6
"
C
u
r
b

6"Curb

Conc.Walk

6"Curb

Conc.Walk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

6"Curb

6"Curb

6"Curb

6"Curb

6"Curb

Sign

Old Rails

6"Curb

Sign

6
"
C
u
r
b

2
4
"
C

&
G

2
4
"
C

&
G

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

O/H RR SIgnal

CrossIng Arm

CrossIng Arm

O/H RR SIgnal

2
4
"
C

&
G

6
"
C
u
r
b

6
"
C
u
r
b

6"Curb

6"Curb

6
"
C
u
r
b

RR Cab

3
0
"C

&
G

3
0
"C

&
G

3
0
"C

&
G

24"C&G

6"Curb

24"C&G

24"C&G

24"C&G

24"C&G

24"C&G24"C&G

24"C&G

6"Curb

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

2
4
"
C

&
G

2
4
"
C

&
G

Conc

C
o
n
c

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

6"Curb

6"Curb

Conc

Conc

2
4
"
C

&
G

C
o
n
c
.W

a
lk

2
4
"
C

&
G

Conc

C
o
n
c

C
o
n
c

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

2
4
"
C

&
G

24"C&G

2
4
"C

&
G

6
"
C
u
r
b

6"Curb

6"Curb

6"Curb

C
o
n
c

C
o
n
c

6
"
C
u
r
b

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

Conc

6
"C

u
rb

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

6"Curb

6
"
C
u
r
b

6
"
C
u
r
b

24"C&
G

6"Conc

6
"
C
u
r
b

6
"C

u
rb

6
"C

u
rb

6"Curb

6"Curb

6
"
C
u
r
b

6
"
C
u
r
b

2
4
"C

&
G

3
0
"C

&
G

6"Conc

6"Conc

6"Conc

Conc

3
0
"C

&
G

3
0
"C

&
G

6
"C

u
rb

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

6
"C

u
rb

6
"C

u
rb

6
"C

u
rb

6
"C

u
rb

6
"C

u
rb

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

3
0
"C

&
G

3
0
"C

&
G

3
0
"C

&
G

3
0
"C

&
G

3
0
"C

&
G

3
0
"C

&
G

6
"C

u
rb

3
0
"C

&
G

3
0
"C

&
G

6
"C

u
rb

C
o
n
c
.W

a
lk

H
a
n
d
 

R
a
il

C
o
n
c
.M

e
d
ia

n

C
o
n
c
.W

a
lk

H
a
n
d
 

R
a
il

C
o
n
c
.B
r
id

g
e

A
s
p
h
a
lt 

O
v
e
r
la

y

C
o
n
c
.B
r
id

g
e

A
s
p
h
a
lt 

O
v
e
r
la

y

Conc.Walk

C
o
n
c
.W

a
lk

6
"
C
u
r
b

6
"
C
u
r
b

C
o
n
c
.W

a
lk

C
o
n
c

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

2
4
"
C

&
G

2
4
"
C

&
G

2
4
"
C

&
G

2
4
"
C

&
G

30"C&G

30"C&G

Conc.Walk

Conc.Walk

Conc.Walk

30"C&G

30"C&G

C
o
n
c
.W

a
lk

6"Curb
6"Curb

6"Curb

6"Curb

6"Curb

6
"
C
u
r
b

6
"
C
u
r
b

C
o
n
c
.W

a
lk

C
o
n
c
 
 

W
a
lk

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

C
o
n
c
 
 

W
a
lk

C
o
n
c
 
 

W
a
lk

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

Conc.Walk

C
o
n
c
 
 

W
a
lk

C
o
n
c
 
 

W
a
lk

Conc.Walk

Conc

6
"
C
u
r
b

6
"C

u
rb

3
0
"C

&
G

3
0
"C

&
G

6
"C

u
rb

3
0
"C

&
G

C
o
n
c
.W

a
lk

E
P

3
0
"C

&
G

C
o
n
c
.W

a
lks

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

6"Curb

6"Curb

Conc.W
alk

3
0
"
C

&
G

E
P

30"C&
G

30"C&
G

EP

6
"C

urb

3
0
"C

&
G

EP

3
0
"C

&
G

EP

C
o
n
c
.M

e
d
ia
n

C
o
n
c
.W

a
lk

3
0
"
C

&
G

H
a
n
d
 

R
a
il

C
o
n
c
.W

a
lk

C
o
n
c
.M

e
d
ia

n

C
o
n
c
.W

a
lk

H
a
n
d
 

R
a
il

C
o
n
c
.B
r
id

g
e

C
o
n
c
.B
r
id

g
e

C
o
n
c
.M

e
d
ia

n

3
0
"C

&
G

6
"C

u
rb

EP

3
0
"
C

&
G

3
0
"
C

&
G

C
o
n
c
.W

a
lk

6
"
C
u
r
b

C
o
n
c
.W

a
lk

6
"
C
u
r
b

30"C&G

Conc.Walk
30"C&G

30"C&G

Conc.W
alk

Conc.W
alk

30"C&
G

3
0
"C

&
G

2
4
"C

&
G

30"C
&

G

30"C&
G

30"C&G

24"C
&

G

EP

6
"
C
u
r
b

Conc.Walk

C
o
n
c
.W

a
lk

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

C
o
n
c

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

C
o
n
c

Conc.Walk

Conc.Walk

Conc.Walk

Conc.Walk

Conc.Walk

Conc.Walk

Conc

Conc.Walk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

2
4
"
C

&
G

3
0
"C

&
G

3
0
"C

&
G

E
P

3
0
"
C

&
G

C
o
n
c
.M

e
d
ia

n

6
"
C
u
r
b

6
"
C
u
r
b

3
0
"
C

&
G

3
0
"
C

&
G

C
o
n
c
.M

e
d
ia

n

6
"
C
u
r
b

6
"
C
u
r
b

S
o
u
n
d
 

W
a
ll

3
0
"
C

&
G

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

6"Curb

6"Curb

6"Curb

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

6"Curb

6"Curb

6
"
C
u
r
b

C
o
n
c

6
"
C
u
r
b

6
"
C
u
r
b

6"Curb

6"Curb

6"Curb

6"Curb

6"Curb

Conc.Walk

Conc.Walk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

3
0
"
C

&
G

3
0
"
C

&
G

C
o
n
c
.W

a
lk

S
w
itc

h

Switch

S
ig

n

Old Rails

Old Rails

Switch

Conc.Walk

S
ig

n

Sound Wall

30"C&G

30"C&G

30"C&G

Rip-Rap Ditch

30"C&G

C
o
n
c

C
o
n
c

24"C&G

24"C&G

Conc.Walk

Conc.Walk

2
4
"
C

&
G

24"C&G

24"C&G

S
o
u
n
d
 

W
a
ll

3
0
"C

&
G

3
0
"C

&
G

3
0
"
C

&
G

3
0
"
C

&
G

Conc.Median

30"C&G

EP

30"C&G

30"C&G

EP

EP

3
0
"
C

&
G

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

C
o
n
c

6" Curb

24"C&G

24"C&G

C
o
n
c
.W

a
lk

24"C&G

24"C&G

C
o
n
c
 
 

W
a
lk
s

D
itc

h

Ditch

6"Curb

6"Curb

24"C&G

6"Curb

6"Curb

6"Curb

24"C&G

2
4
"
C

&
G

6
"
C
u
r
b

2
4
"
C

&
G

2
4
"
C

&
G

6"Curb

C
o
n
c

Conc.Walk

6"Curb

6
"
C
u
r
b

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

6
"
C
u
r
b

6
"
C
u
r
b

6"Curb

6
"
C
u
r
b

6
"
C
u
r
b

6
"
C
u
r
b

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

C
o
n
c
.W

a
lk

30"C&G

30"C&G

30"C&G

30"C&G

C
o
n
c
.W

a
lk

3
0
"
C

&
G

3
0
"
C

&
G

6"Curb

6"Curb

6
"
C
u
r
b

C
o
n
c
.W

a
lk

6
"
C
u
r
b

6
"
C
u
r
b

24"C&G

Conc.Walk

Conc.Walk

Conc.Walk

Conc.Walk

Conc

6
"
C

C

Conc

C
o
n
c

2
4
"
C

&
G

Conc.Walk

Conc.Walk

30"C&G

30"C&G

30"C&G

6"Curb

6"Curb

6
"
C
u
r
b6

"
C
u
r
b

Conc.Walk

Conc.Walk

C
o
n
c
.W

a
lk

Conc.Walk

30"C&G

6
"
C
u
r
b

F
u
e
l 

C
a
p
s

Is
la

n
d
s

F
u
e
l

6
"
C
u
r
b

6
"
C
u
r
b

6"Curb

6"Curb

Conc.Walk

Conc.Walk

6
"
C
u
r
b

6
"
C
u
r
b

C
o
n
c

6"Curb

6"Curb

6"Curb

6"Curb

C
o
n
c
.W

a
lk

2
4
"
C

&
G

6"Curb

2
4
"
C

&
G

~

~

~

S
ig

n

Old Tracks

C
o
n
c
.W

a
lk

~

~
~

~

~ ~

B
o
tto

m
 

G
ir
d
e
r
=

2
5
.6

2
T
o
p
 

G
ir
d
e
r
=

3
0
.0

9

B
o
tto

m
 

G
ir
d
e
r
=

2
8
.6

6
T
o
p
 

G
ir
d
e
r
=

3
3
.0

5

B
o
tto

m
 

G
ir
d
e
r
=

2
7
.0

5
T
o
p
 

G
ir
d
e
r
=

3
1
.4

3

B
o
tto

m
 

G
ir
d
e
r
=

2
3
.7

4
T
o
p
 

G
ir
d
e
r
=

2
8
.1

2

~

~

24"C&G

3
0
"
C

&
G

C
o
n
c
.W

a
lk

T
o
e
 
o
f 

S
lo
p
e

Conc. Median

6"Curb

St’d. GR-9

S
t’d
. 

G
R
-
7

St
’d
. 

GR-
7

C = 0.90

0.043 AC

30-12

C = 0.90

0.066 AC

30-10
C = 0.90

0.120 AC

__.__

C = 0.90

0.122 AC

__.__

C = 0.90

0.111 AC

30-09

C = 0.90

0.122 AC

31-01

C = 0.90

0.122 AC

30-19

C = 0.90

0.042 AC

30-12

C = 0.90

0.464 AC

28-09

C = 0.90

0.011 AC

27-22

C = 0.90

0.051 AC

30-02

C = 0.90

0.009 AC

24-17

C = 0.90

0.112 AC

__.__

C = 0.90

0.049 AC

__.__

C = 0.90

0.077 AC

__.__

C = 0.90

0.017 AC

27-23

C = 0.90

0.010 AC

27-19

C = 0.90

0.008 AC

24-16

C = 0.90

0.403 AC

25-06

C = 0.90

0.182 AC

30-03

C = 0.90

0.011 AC

27-20

C = 0.90

0.242 AC

27-31

C = 0.90

0.463 AC

25-07

C = 0.90

0.426 AC

27-08

C = 0.90

0.009 AC

24-18

C = 0.90

0.420 AC

28-08

C = 0.90

0.017 AC

27-24

C = 0.90

0.107 AC

27-25

C = 0.90

0.066 AC

27-01

C = 0.90

0.184 AC

27-30

C = 0.90

0.119 AC

27-26

C = 0.90

0.139 AC

25-03

C = 0.90

0.257 AC

25-02

C = 0.90

0.489 AC

27-32

C = 0.90

0.268 AC

25-05

C = 0.90

0.315 AC

25-01

C = 0.90

0.065 AC

27-02

C = 0.90

0.078 AC

__.__

C = 0.90

0.310 AC

24-02
C = 0.90

0.131 AC

27-18

C = 0.90

0.152 AC

25-04

6
:3
0
:5
2
 P

M
1
1
/5
/2
0
1
2

c
:\
p
ro
je
c
tw
is
e
\p
b
\p
ro
je
c
tw
is
e
in
t\
e
d
d
ie
.d
o
k
u
\d

m
s
3
9
0
7
8
\M

L
K
-S

p
re
a
d
 D
ra
in
a
g
e
 A
re
a
s
_
S
h
e
e
t_
0
3
.d
g
n

0

SCALE

100’ 200’

MLK EXPRESSWAY EXTENSION

DRAINAGE SPREAD AREAS

3

SHEET NO.

C = 0.90

0.498 AC

30-11

C = 0.90

0.498 AC

27-21



I-2
64

M
AN

TE
O S

T.



EB
 I-

26
4

R
AM

P
 E

N

R
AM

P 
C

E
X

 I-
26

4 
R

A M
P

TR
EX

LE
R

 A
VE

.



I-2
64

EXI
ST

IN
G R

AMP

R
AM

P 
EN

R
AM

P 
C

TR
EX

LE
R

 A
VE

.



I-2
64

FR
ED

ER
IC

K 
BL

VD



I-2
64



I-2
64



I-2
64

CO
LU

M
BU

S 
AV

E.



TURNPIKE RD.



C
O

U
N

TY
 S

T.

H
IG

H
 S

TR
EE

T

K
IN

G
 S

T.



LO
N

D
O

N
 B

LV
D

H
IG

H
 S

TR
EE

T



D0103030109, D0103030110  Final Hydrologic and Hydraulic Design Report 
 

Elizabeth River Tunnels Project 
Page 45 of 185 6/7/2013 

9.4. APPENDIX D – Stormwater Quality and Quantity Calculations 

  





Elizabeth River Tunnels Project Summary of Basin 5

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
EB 264 D 2.28 98 0.9 2.05

1.71 77 0.2 0.34
1.56 80 0.3 0.47

5.55 86 CR 0.52 45

Weighted "C" (existing) 0.52
% impervious (existing) 45

Time of Concentration (Tc) = 10 minutes (See TOC calculation sheet)

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
EB 264 D 3.44 98 0.9 3.10

1.01 77 0.2 0.20
0.98 80 0.3 0.29
0.12 100 1 0.12

5.55 91 CR 0.67 67

Weighted "C" (proposed) 0.67
% impervious (proposed) 67

Time of Concentration (Tc) = 10 minutes (See TOC calculation sheet)

II.  PROPOSED BMP Detention

Groundwater Elev per Boring

Boring # GW Elev
12BH-010 8.00
12BH-012 8.00

Set Normal Pond Elevation at 8.00'

Pond Bottom material SP-SM Cohesionless

III.  POND DIMENSIONS/STORAGE PROVIDED

delta Sum 
Elevation Area Avg. Area Volume Volume

SF SF CF CF

8.00 4,021

9.00 5,129 4,575 4,575 4,575

10.00 6,365 5,747 5,747 10,322

11.00 7,729 7,047 7,047 17,369

12.00 9,221 8,475 8,475 25,844

Forest

Grass
Water

Type
Pavement

STORMWATER MANAGEMENT POND SUMMARY SHEET
STORMWATER MANAGEMENT BASIN 5

Type
Pavement

Grass

Forest

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Basin 5

IV PHOSPHORUS REMOVAL

None - Quantity BMP only

V. POND OUTLET STRUCTURE SUMMARY

Type Size
Culvert 18" In = 9.00' Out = 8.85'

VI. POND RESULTS SUMMARY

2-Year 25-Year 100-Year
Qmax (pre) = 14.63 cfs Qmax (pre) = 22.50 cfs Qmax (pre) = 32.20 cfs
Qmax (post) = 14.63 cfs Qmax (post) = 22.50 cfs Qmax (post) = 32.20 cfs

Reservoir Routing Results

Outflow Qmax = 3.82 cfs
Outflow 
Qmax = 8.06 cfs

Outflow Qmax 

= 11.88 cfs

Max. Pond 
Water Surface 
Elevation = 10.09 feet

Max. Pond 
Water 
Surface 
Elevation = 10.73 feet

Max. Pond 
Water 
Surface 
Elevation = 11.43 feet

Elevation

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET
Checked by

Subject
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: Basin 5

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Use Minutes

9.80

10

280 0
0.16 0.00
0.16

0.001 0.002
0.060 0.060
0.50 0.74

10.00 5.1
13.30 7.85
0.75 0.65

Pipes

3.61
0.012
0.01

unpaved
0

0.004
1.15

0.000

Ditch

Elixabeth River Tunnels Project

20

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Pavement
0.02

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Pond 7

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
Ramp EN D 1.09 98 0.9 0.98

0.64 77 0.2 0.13
1.68 80 0.3 0.50

3.41 85 CR 0.47 39

Weighted "C" (existing) 0.47
% impervious (existing) 39

Time of Concentration (Tc) = 10 minutes (See TOC calculation sheet)

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
Ramp EN D 1.89 98 0.9 1.70

0.64 77 0.2 0.13
0.56 80 0.3 0.17
0.32 100 1 0.32

3.41 91 CR 0.68 68

Weighted "C" (proposed) 0.68
% impervious (proposed) 68

Time of Concentration (Tc) = 10 minutes (See TOC calculation sheet)

II.  PROPOSED BMP Dry Detention

Groundwater Elev per Boring

Boring # GW Elev
10BH-017 7.30
12BH-019 8.50

Set Normal Pond Elevation at 8.51'

III.  POND DIMENSIONS/STORAGE PROVIDED

delta Sum 
Elevation Area Avg. Area Volume Volume

SF SF CF CF
8.50 0

8.51 200 100 1 1

9.00 10,687 5,444 2,667 2,668

10.00 12,579 11,633 11,633 14,301

11.00 14,547 13,563 13,563 27,864

Grass

STORMWATER MANAGEMENT POND SUMMARY SHEET
STORMWATER MANAGEMENT POND  7

Type
Pavement
Forest

Forest

Type
Pavement

Grass
Water

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Pond 7

IV PHOSPHORUS REMOVAL

Retrofitted existing dry detention basin. 

V. POND OUTLET STRUCTURE SUMMARY

Type Size Elevation
Culvert 24" 8.51

VI. POND RESULTS SUMMARY

2-Year 25-Year 100-Year
Qmax (pre) = 7.49 cfs Qmax (pre) = 12.73 cfs Qmax (pre) = 19.57 cfs
Qmax (post) = 7.49 cfs Qmax (post) = 12.73 cfs Qmax (post) = 19.57 cfs

Reservoir Routing Results
Outflow 
Qmax = 3.23 cfs

Outflow 
Qmax = 5.11 cfs

Outflow Qmax 

= 7.08 cfs
Max. Pond 
Water 
Surface 
Elevation = 9.38 feet

Max. Pond 
Water 
Surface 
Elevation = 9.65 feet

Max. Pond 
Water 
Surface 
Elevation = 9.88 feet

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET Date
Checked by

Subject
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: Pond 7

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Use Minutes

9.33

10

0 370
0.00 0.14
0.16

0.001 0.002
0.060 0.060
0.50 0.74

10.00 5.1
13.30 7.85
0.75 0.65

Pipes

3.61
0.012
0.02

unpaved
0

0.004
1.15

0.000

Ditch

Elixabeth River Tunnels Project

50

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Pavement
0.02

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Ramp C Basin

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
Ramp EN&C D 0.36 98 0.9 0.32

0.35 85 0.5 0.18

0.71 92 CR 0.70 72

Weighted "C" (existing) 0.70
% impervious (existing) 72

Time of Concentration (Tc) = 5 minutes (See TOC calculation sheet)

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
Ramp EN&C D 0.48 98 0.9 0.43

0.14 85 0.5 0.07
0.09 100 1 0.09

0.71 96 CR 0.83 91

Weighted "C" (proposed) 0.83
% impervious (proposed) 91

Time of Concentration (Tc) = 5 minutes (See TOC calculation sheet)

II.  PROPOSED BMP Detention

Groundwater Elev per Boring

Boring # GW Elev
12BH-030 8.00
12BH-031 10.00
12BH-032 8.00

Set Normal Pond Elevation at 9.00'

Pond Bottom material SP-SM Cohesionless

III.  POND DIMENSIONS/STORAGE PROVIDED

delta Sum 
Elevation Area Avg. Area Volume Volume

SF SF CF CF

8.00 2,920

9.00 3,697 3,309 3,309 3,309

10.00 4,532 4,115 4,115 7,423

11.00 5,794 5,163 5,163 12,586

STORMWATER MANAGEMENT POND SUMMARY SHEET
STORMWATER MANAGEMENT RAMP C BASIN

Type
Pavement
Shoulder

Shoulder

Type
Pavement

Water

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Ramp C Basin

IV PHOSPHORUS REMOVAL

None - Quantity BMP only

V. POND OUTLET STRUCTURE SUMMARY

Type Size Elevation
Culvert 15" 7.00
Riser 4' 9.50

Orifice 3" 8.00

VI. POND RESULTS SUMMARY

2-Year 25-Year 100-Year
Qmax (pre) = 2.79 cfs Qmax (pre) = 3.81 cfs Qmax (pre) = 6.02 cfs
Qmax (post) = 2.79 cfs Qmax (post) = 3.81 cfs Qmax (post) = 6.02 cfs

Reservoir Routing Results

Outflow Qmax = 0.22 cfs
Outflow 
Qmax = 1.52 cfs

Outflow Qmax 

= 2.55 cfs

Max. Pond 
Water Surface 
Elevation = 9.37 feet

Max. Pond 
Water 
Surface 
Elevation = 9.59 feet

Max. Pond 
Water 
Surface 
Elevation = 9.66 feet

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET
Checked by

Subject
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: Ramp C Basin

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Use Minutes

4.35

5

100 0
0.06 0.00
0.07

0.001 0.002
0.060 0.060
0.50 0.74

10.00 5.1
13.30 7.85
0.75 0.65

Pipes

3.61
0.012
0.02

unpaved
0

0.004
1.15

0.000

Ditch

Elixabeth River Tunnels Project

50

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Pavement
0.02

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Ramp EN Basin

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
Ramp EN D 0.05 98 0.9 0.05

0.82 85 0.5 0.41

0.87 86 CR 0.52 46

Weighted "C" (existing) 0.52
% impervious (existing) 46

Time of Concentration (Tc) = 5 minutes (See TOC calculation sheet)

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
Ramp EN D 0.44 98 0.9 0.40

0.40 85 0.5 0.20
0.03 100 1 0.03

0.87 92 CR 0.72 74

Weighted "C" (proposed) 0.72
% impervious (proposed) 74

Time of Concentration (Tc) = 5 minutes (See TOC calculation sheet)

II.  PROPOSED BMP Detention

Groundwater Elev per Boring

Boring # GW Elev
10BH-020 7.20
12BH-123 7.00

Set Normal Pond Elevation at 8.00'

Pond Bottom material SP-SM Cohesionless

III.  POND DIMENSIONS/STORAGE PROVIDED

delta Sum 
Elevation Area Avg. Area Volume Volume

SF SF CF CF

7.90 43

8.00 511 277 28 28

9.00 1,004 524 576 576

10.00 1,570 1,041 2,081 2,109

11.00 2,193 1,882 1,882 3,990

Water
Shoulder

Type
Pavement

STORMWATER MANAGEMENT POND SUMMARY SHEET
STORMWATER MANAGEMENT RAMP EN BASIN

Type
Pavement
Shoulder

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Ramp EN Basin

IV PHOSPHORUS REMOVAL

None - Quantity BMP only

V. POND OUTLET STRUCTURE SUMMARY

Type Size Elevation
Culvert 15" 7.30'
Riser 4' 10.0'

Orifice 3" 7.90'

VI. POND RESULTS SUMMARY

2-Year 25-Year 100-Year
Qmax (pre) = 2.95 cfs Qmax (pre) = 4.45 cfs Qmax (pre) = 6.36 cfs
Qmax (post) = 2.95 cfs Qmax (post) = 4.45 cfs Qmax (post) = 6.36 cfs

Reservoir Routing Results

Outflow Qmax = 0.26 cfs
Outflow 
Qmax = 3.29 cfs

Outflow Qmax 

= 4.67 cfs

Max. Pond 
Water Surface 
Elevation = 9.69 feet

Max. Pond 
Water 
Surface 
Elevation = 9.90 feet

Max. Pond 
Water 
Surface 
Elevation = 10.02 feet

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET
Checked by

Subject
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: Ramp EN Basin

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Use Minutes

4.85

5

120 0
0.07 0.00
0.08

0.001 0.002
0.060 0.060
0.50 0.74

10.00 5.1
13.30 7.85
0.75 0.65

Pipes

3.61
0.012
0.01

unpaved
0

0.004
1.15

0.000

Ditch

Elixabeth River Tunnels Project

40

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Pavement
0.02

Parsons Brinckerhoff 6/5/2013
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Elizabeth River Tunnels Project Summary of Pond 8

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 8 D 0.90 98 0.9 0.81

2.03 85 0.5 1.02
2.03 80 0.3 0.61

4.96 85 CR 0.49 41

Weighted "C" (existing) 0.49
% impervious (existing) 41

Time of Concentration (Tc) = 26 minutes (See TOC calculation sheet)

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 8 D 1.67 98 0.9 1.50

2.20 85 0.5 1.10
0.96 80 0.3 0.29
0.13 100 1 0.13

4.96 89 CR 0.61 58

Weighted "C" (proposed) 0.61
% impervious (proposed) 58

Time of Concentration (Tc) = 26 minutes (See TOC calculation sheet)
II.  PROPOSED BMP Extended Dry Detention
Phosphorous Removal EFF = 35%
Permanent Storage req'd = 2WQV

Groundwater Elev per Boring

Boring # GW Elev
10BH-023 9.40
12BH-033 10.50
12BH-128 9.50
12BH-132 10.50

Set Normal Pond Elevation at 10.00

Pond Bottom material SP-SM Cohesionless

WQV = 4.96 Acres x 58% impervious x .5 inches
WQV = 5218 Cu Ft
2WQV = 10436 Cu Ft

Required storage below permanent pool = 10,436 Cu Ft

Provided storage below permanent pool = 17,832 Cu Ft

Grass
Water

Shoulder

Type
Pavement

Grass

STORMWATER MANAGEMENT POND SUMMARY SHEET
STORMWATER MANAGEMENT POND  #8

Type
Pavement
Shoulder

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Pond 8

III.  POND DIMENSIONS/STORAGE PROVIDED

delta Sum 
Elevation Area Avg. Area Volume Volume

SF SF CF CF

7.50 10

8.00 5,457 2,734 1,367 1,367

9.00 7,864 6,661 6,661 8,027

10.00 11,745 9,805 9,805 17,832 Cu Ft 2WQV Perm. Pool = 10.00

11.00 25,479 18,612 18,612 36,444

12.00 28,409 26,944 26,944 63,388

IV PHOSPHORUS REMOVAL

See Water Quality Calculation Sheets

V. POND OUTLET STRUCTURE SUMMARY

Type Size Elevation
Culvert 24" 7.00
Riser 4'x4' 11.00

Orifice 3" 7.50
Orifice 1-6" 10.00

VI. POND RESULTS SUMMARY

2-Year 25-Year 100-Year
Qmax (pre) = 8.27 cfs Qmax (pre) = 13.39 cfs Qmax (pre) = 19.52 cfs
Qmax (post) = 8.27 cfs Qmax (post) = 13.39 cfs Qmax (post) = 19.52 cfs

Reservoir Routing Results
Outflow 
Qmax = 1.07 cfs

Outflow 
Qmax = 3.71 cfs

Outflow Qmax 

= 8.92 cfs
Max. Pond 
Water 
Surface 
Elevation = 10.76 feet

Max. Pond 
Water 
Surface 
Elevation = 11.10 feet

Max. Pond 
Water 
Surface 
Elevation = 11.30 feet

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET
Checked by

Subject
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: POND 8

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Use Minutes

Elixabeth River Tunnels Project

267

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Paved
0.02

Pipes

3.61
0.007
0.08

paved
100

0.002
2.45

0.011

Ditch
10.00 5.1
13.30 7.85
0.75 0.65

0.001 0.002
0.060 0.060
0.50 0.74

25.07

26

587 0
0.33 0.00
0.42

Parsons Brinckerhoff 6/5/2013
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Elizabeth River Tunnels Project Summary of Pond 14

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 14 D 1.69 98 0.9 1.52

0.73 93 0.85 0.62
8.86 80 0.3 2.66

11.28 84 CR 0.43 32

Weighted "C" (existing) 0.43
% impervious (existing) 32

Time of Concentration (Tc) = 26 minutes (See TOC calculation sheet)

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 14 D 3.89 98 0.9 3.50

0.73 93 0.85 0.62
5.29 80 0.3 1.59
1.37 100 1 1.37

11.28 89 CR 0.63 61

Weighted "C" (proposed) 0.63
% impervious (proposed) 61

Time of Concentration (Tc) = 26 minutes (See TOC calculation sheet)
II.  PROPOSED BMP Retention Basin III
Phosphorous Removal EFF = 65%
Permanent Storage req'd = 4WQV

Groundwater Elev per Boring

Boring # GW Elev
12BH-039 10.00
10BH-073 8.00
10BH-075 6.50
10BH-077 9.10

Set Normal Pond Elevation at 9.0

Pond Bottom material SP-SM Cohesionless

WQV = 11.28 Acres x 61% impervious x .5 inches
WQV = 12488 Cu Ft
4WQV = 49950 Cu Ft

Required storage below permanent pool = 49,950 Cu Ft

Provided storage below permanent pool = 81,963 Cu Ft

Grass

STORMWATER MANAGEMENT POND SUMMARY SHEET
STORMWATER MANAGEMENT POND  #14

Type
Pavement
Industrial

Industrial

Type
Pavement

Grass
Water

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Pond 14

III.  POND DIMENSIONS/STORAGE PROVIDED

delta Sum 
Elevation Area Avg. Area Volume Volume

SF SF CF CF

6.20 0.01

7.00 30,179 15,090 12,072 12,072

8.00 32,395 31,287 31,287 43,359

9.00 44,813 38,604 38,604 81,963 Cu Ft 4WQV Perm. Pool = 9.00

10.00 81,997 63,405 63,405 145,368

11.00 100,904 91,451 91,451 236,818

12.00 117,638 109,271 109,271 346,089

IV PHOSPHORUS REMOVAL

See Water Quality Calculation Sheets

V. POND OUTLET STRUCTURE SUMMARY

Type Size Elevation
Culvert 18" 9.00
Riser 4'x4' 11.27
Orifice 3" 9.00

VI. POND RESULTS SUMMARY

2-Year 25-Year 100-Year
Qmax (pre) = 14.08 cfs Qmax (pre) = 26.09 cfs Qmax (pre) = 33.35 cfs
Qmax (post) = 14.06 cfs Qmax (post) = 26.06 cfs Qmax (post) = 33.30 cfs

Reservoir Routing Results
Outflow 
Qmax = 0.15 cfs

Outflow 
Qmax = 0.23 cfs

Outflow Qmax 

= 0.26 cfs
Max. Pond 
Water 
Surface 
Elevation = 9.55 feet

Max. Pond 
Water 
Surface 
Elevation = 10.05 feet

Max. Pond 
Water 
Surface 
Elevation = 10.39 feet

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET
Checked by

Subject
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: POND 14

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Use Minutes

25.06

26

693 50
0.11 0.02
0.42

0.008 0.002
0.060 0.060
1.83 0.74

10.00 5.1
13.30 7.85
0.75 0.65

Pipes

3.61
0.006
0.29

unpaved
0

0.004
1.15

0.000

Ditch

Elixabeth River Tunnels Project

300

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Grass
0.06

Parsons Brinckerhoff 6/5/2013
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Elizabeth River Tunnels Project Summary of Pond 19

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 19 D 2.29 98 0.9 2.06

15.31 93 0.85 13.01
4.30 80 0.3 1.29

21.90 91 CR 0.75 78

Weighted "C" (existing) 0.75
% impervious (existing) 78

Time of Concentration (Tc) = 74 minutes (See TOC calculation sheet)

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 19 D 2.84 98 0.9 2.56

14.25 93 0.85 12.11
3.30 80 0.3 0.99
1.51 100 1 1.51

21.90 92 CR 0.78 83

Weighted "C" (proposed) 0.78
% impervious (proposed) 83

Time of Concentration (Tc) = 74 minutes (See TOC calculation sheet)

II.  PROPOSED BMP Retention Basin II
Phosphorous Removal EFF = 50%
Permanent Storage req'd = 4WQV

Groundwater Elev per Boring

Boring # GW Elev
10BH-118 8.50
10BH-133 7.00

Set Normal Pond Elevation at 8.5

Pond Bottom material SP-SM Cohesionless

WQV = 21.9 Acres x 83% impervious x .5 inches
WQV = 32991 Cu Ft
4WQV = 131965 Cu Ft

Required storage below permanent pool = 131,965 Cu Ft

Provided storage below permanent pool = 159,561 Cu Ft

Water

Type
Pavement
Industrial
Grass

STORMWATER MANAGEMENT POND SUMMARY SHEET
STORMWATER MANAGEMENT POND  #19

Type
Pavement
Industrial
Grass

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Pond 19

III.  POND DIMENSIONS/STORAGE PROVIDED

delta Sum 
Elevation Area Avg. Area Volume Volume

SF SF CF CF

5.50 0

6.00 54,165 27,083 13,541 13,541

7.00 57,534 55,850 55,850 69,391

8.00 60,959 59,247 59,247 128,637

8.50 62,693 60,114 90,170 159,561 Cu Ft 4WQV Perm. Pool = 8.50

9.00 69,031 65,862 32,931 192,492

10.00 72,770 67,732 101,597 261,158

11.00 76,566 38,283 421,113 421,113

12.00 80,419 40,210 482,514 482,514

IV PHOSPHORUS REMOVAL

See Water Quality Calculation Sheets

V. POND OUTLET STRUCTURE SUMMARY

Type Size
Culvert 4-23"x14" 8.50 6.50

VI. POND RESULTS SUMMARY

2-Year 25-Year 100-Year
Qmax (pre) = 18.77 cfs Qmax (pre) = 36.15 cfs Qmax (pre) = 73.99 cfs
Qmax (post) = 18.77 cfs Qmax (post) = 36.15 cfs Qmax (post) = 72.95 cfs

Reservoir Routing Results
Outflow 
Qmax = 12.20 cfs

Outflow 
Qmax = 26.92 cfs

Outflow Qmax 

= 35.83 cfs
Max. Pond 
Water 
Surface 
Elevation = 9.54 feet

Max. Pond 
Water 
Surface 
Elevation = 10.18 feet

Max. Pond 
Water 
Surface 
Elevation = 10.65 feet

Elevation

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET
Checked by

Subject
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: POND 19

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Use Minutes

73.43

74

2250 42
0.80 0.02
1.22

0.002 0.002
0.070 0.060
0.78 0.74

10.00 5.1
13.30 7.85
0.75 0.65

Pipes

3.61
0.002
0.15

unpaved
1000
0.003
1.05

0.265

Ditch

Elixabeth River Tunnels Project

300

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Grass
0.02

Parsons Brinckerhoff 6/5/2013
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Elizabeth River Tunnels Project Summary of Pond 20

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 20 D 8.85 98 0.9 7.97

2.10 93 0.85 1.79
21.87 80 0.3 6.56
5.72 92 0.45 2.57

38.54 87 CR 0.49 41

Weighted "C" (existing) 0.49
% impervious (existing) 41

Time of Concentration (Tc) = 69 minutes

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 20 D 9.93 98 0.9 8.94

2.10 93 0.85 1.79
21.71 80 0.3 6.51
2.64 92 0.45 1.19
2.16 100 1 2.16

38.54 87 CR 0.53 48

Weighted "C" (proposed) 0.53
% impervious (proposed) 48

Time of Concentration (Tc) = 78 minutes (See TOC calculation sheet)
II.  PROPOSED BMP Extended Detention Pond
Phosphorous Removal EFF = 35%
Permanent Storage req'd = 2WQV

Groundwater Elev per Boring

Boring # GW Elev
12BH-064 6.50
12BH-065 6.00

Set Normal Pond Elevation at 6.50

Pond Bottom material SP-SM Cohesionless

WQV = 38.54 Acres x 48% impervious x .5 inches
WQV = 33576 Cu Ft
2WQV = 67152 Cu Ft

Required storage below permanent pool = 67,152 Cu Ft

Provided storage below permanent pool = 102,832 Cu Ft

Grass
Residential
Water

Industrial

Residential

Type
Pavement

Grass

STORMWATER MANAGEMENT POND SUMMARY SHEET
STORMWATER MANAGEMENT POND  #20

Type
Pavement
Industrial

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Pond 20

III.  POND DIMENSIONS/STORAGE PROVIDED

delta Sum 
Elevation Area Avg. Area Volume Volume

SF SF CF CF

4.60 3,294

5.00 10,425 6,860 2,744 2,744

6.00 33,036 21,731 21,731 24,474

6.50 101,183 52,239 78,358 102,832 Cu Ft 2WQV Permanent Pool = 6.5

7.00 104,892 103,038 51,519 154,351

8.00 112,362 108,627 108,627 262,978

9.00 119,906 116,134 116,134 379,112

10.00 127,546 123,726 123,726 502,838

11.00 132,450 129,998 129,998 632,836

IV PHOSPHORUS REMOVAL

See Water Quality Calculation Sheets

V. POND OUTLET STRUCTURE SUMMARY

Type Size Elevation
Culvert 45"x29" 4.50
Riser 4'x4' 8.50
Orifice 2-6" 6.50
Orifice 3" 4.60

VI. POND RESULTS SUMMARY

2-Year 25-Year 100-Year
Qmax (pre) = 31.10 cfs Qmax (pre) = 56.48 cfs Qmax (pre) = 80.91 cfs
Qmax (post) = 34.56 cfs Qmax (post) = 66.58 cfs Qmax (post) = 104.90 cfs

Reservoir Routing Results
Outflow 
Qmax = 2.82 cfs

Outflow 
Qmax = 24.03 cfs

Outflow Qmax 

= 47.66 cfs
Max. Pond 
Water 
Surface 
Elevation = 8.38 feet

Max. Pond 
Water 
Surface 
Elevation = 9.18 feet

Max. Pond 
Water 
Surface 
Elevation = 9.87 feet

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET
Checked by

Subject
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: Pond 20

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Minutes
POND 19 Minutes

TOTAL Minutes

3.30

4
74
78

151 33
0.04 0.02
0.06

0.003 0.001
0.060 0.060
1.06 0.59

10.00 5.1
13.30 7.85
0.75 0.65

Pipes

3.61
0.001
0.00

Grass
0

0.001
0.00

0.000

Ditch

Elixabeth River Tunnels Project

0

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Grass
0.06

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Pond 24

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 24 D 0.50 98 0.9 0.45

7.20 93 0.85 6.12

7.70 93 CR 0.85 93

Weighted "C" (existing) 0.85
% impervious (existing) 93

Time of Concentration (Tc) = 8 minutes (See TOC calculation sheet)

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 24 D 4.50 98 0.9 4.05

2.80 93 0.85 2.38
0.40 100 1 0.40

7.70 96 CR 0.89 98

Weighted "C" (proposed) 0.89
% impervious (proposed) 98

Time of Concentration (Tc) = 8 minutes (See TOC calculation sheet)

II.  PROPOSED BMP Retention Basin

Groundwater Elev per Boring

Boring # GW Elev
10BH-179 7.40
10BH-182 8.20

Set Normal Pond Elevation at 8.5

Pond Bottom material SP-SM Cohesionless

III.  POND STAGE/STORAGE TABLE

delta Sum 
Elevation Area Avg. Area Volume Volume

SF SF CF CF

7.00 25,496

8.00 27,609 26,553 26,553 26,553

9.00 29,787 28,698 28,698 55,251

10.00 32,029 30,908 30,908 86,159

11.00 34,335 33,182 33,182 119,341

Type
Pavement
Industrial
Water

STORMWATER MANAGEMENT POND SUMMARY SHEET
STORMWATER MANAGEMENT POND  #24

Type
Pavement
Industrial

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Pond 24

IV. POND OUTLET STRUCTURE SUMMARY

Type Size Elevation
Riser 4'x4' 9.67
Orifice 3" 8.50
Culvert 15" 6.90

V. POND RESULTS SUMMARY

2-Year 25-Year 100-Year
Qmax (pre) = 38.30 cfs Qmax (pre) = 57.20 cfs Qmax (pre) = 82.35 cfs
Qmax (post) = 38.30 cfs Qmax (post) = 57.20 cfs Qmax (post) = 82.35 cfs

Reservoir Routing Results
Outflow Qmax 

= 0.14 cfs
Outflow Qmax 

= 0.17 cfs
Outflow Qmax 

= 0.22 cfs
Max. Pond 
Water 
Surface 
Elevation = 8.97 feet

Max. Pond 
Water 
Surface 
Elevation = 9.19 feet

Max. Pond 
Water 
Surface 
Elevation = 9.49 feet

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET
Checked by

Subject
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: POND 24

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Use Minutes

7.90

8

0 200
0.00 0.08
0.13

0.001 0.005
0.060 0.060
0.50 0.70

10.00 0.79
13.30 3.14
0.75 0.25

Pipes

3.61
0.003
0.05

Paved
0

0.004
1.15

0.000

Ditch

Elixabeth River Tunnels Project

100

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Pavement
0.02

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Pond 25

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 25 D 1.00 98 0.9 0.90

2.55 93 0.85 2.17
2.45 92 0.45 1.10

6.00 93 CR 0.70 71

Weighted "C" (existing) 0.70
% impervious (existing) 71

Time of Concentration (Tc) = 14 minutes (See TOC calculation sheet)

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 25 D 1.20 98 0.9 1.08

2.15 93 0.85 1.83
0.08 80 0.3 0.02
2.30 92 0.45 1.04
0.27 100 1 0.27

6.00 94 CR 0.71 72

Weighted "C" (proposed) 0.71
% impervious (proposed) 72

Time of Concentration (Tc) = 14 minutes (See TOC calculation sheet)

II.  PROPOSED BMP Detention

Groundwater Elev per Boring

Boring # GW Elev
10BH-190 5.10
10BH-191 4.90

Set Normal Pond Elevation at 5.00
.
Pond Bottom material SP-SM Cohesionless

III.  POND STAGE/STORAGE TABLE

delta Sum 
Elevation Area Avg. Area Volume Volume

SF SF CF CF

4.00 24,309

5.00 26,072 25,191 25,191 25,191

6.00 27,061 26,567 26,567 51,757

7.00 28,025 27,543 27,543 79,300

8.00 29,004 28,515 28,515 107,815

9.00 30,003 29,504 29,504 137,318

10.00 30,951 30,477 30,477 167,795

Water
Residential

Residential

Type
Pavement
Industrial
Grass

STORMWATER MANAGEMENT POND SUMMARY SHEET
STORMWATER MANAGEMENT POND #25

Type
Pavement
Industrial

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Pond 25

IV PHOSPHORUS REMOVAL

None - Quantity BMP only

V. POND OUTLET STRUCTURE SUMMARY

Type Size Elevation
Riser 4'x4' 7.35
Orifice 12" 5.00
Culvert 15" 4.90

VI. POND RESULTS SUMMARY

2-Year 25-Year 100-Year
Qmax (pre) = 13.35 cfs Qmax (pre) = 19.16 cfs Qmax (pre) = 27.84 cfs
Qmax (post) = 13.35 cfs Qmax (post) = 19.16 cfs Qmax (post) = 27.84 cfs

Reservoir Routing Results
Outflow 
Qmax = 1.05 cfs

Outflow 
Qmax = 2.18 cfs

Outflow Qmax 

= 3.03 cfs
Max. Pond 
Water 
Surface 
Elevation = 5.66 feet

Max. Pond 
Water 
Surface 
Elevation = 6.10 feet

Max. Pond 
Water 
Surface 
Elevation = 6.59 feet

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET
Checked by

Subject
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: POND 25

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Use Minutes

13.35

14

0 320
0.00 0.11
0.22

0.001 0.005
0.060 0.060
0.50 0.84

10.00 1.23
13.30 3.93
0.75 0.31

Pipes

3.61
0.005
0.11

Paved
30

0.005
1.43

0.006

Ditch

Elixabeth River Tunnels Project

83

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Unpaved
0.06

Parsons Brinckerhoff 6/5/2013
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Elizabeth River Tunnels Project Summary of Pond 30

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 30 D 3.57 98 0.9 3.21

0.58 93 0.85 0.49
6.73 80 0.3 2.02
1.10 92 0.45 0.50

C 0.10 98 0.9 0.09
0.11 93 0.85 0.09
0.21 80 0.3 0.06
0.20 92 0.45 0.09

12.60 87 CR 0.52 46

Weighted "C" (existing) 0.52
% impervious (existing) 46

Time of Concentration (Tc) = 10 minutes (See TOC calculation sheet)

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
POND 30 D 4.80 98 0.9 4.32

0.38 93 0.85 0.32
4.82 80 0.3 1.45
1.10 92 0.45 0.50
0.88 100 1 0.88

C 0.10 98 0.9 0.09
0.11 93 0.85 0.09
0.21 80 0.3 0.06
0.20 92 0.45 0.09

12.60 90 CR 0.62 60

Weighted "C" (proposed) 0.62
% impervious (proposed) 60

Time of Concentration (Tc) = 12 minutes (See TOC calculation sheet)

II.  PROPOSED BMP Retention Basin III
Phosphorous Removal EFF = 65%
Permanent Storage req'd = 4WQV

Groundwater Elev per Boring

Boring # GW Elev
12BH-109 5.00
12BH-108 7.50
12BH-111 5.50

Set Normal Pond Elevation at 5.00

Pond Bottom material SP-SM Cohesionless

WQV = 12.6 Acres x 60% impervious x .5 inches
WQV = 13721 Cu Ft
4WQV = 54886 Cu Ft

Required storage below permanent pool = 54,886 Cu Ft

Provided storage below permanent pool = 98,340 Cu Ft

Residential

Grass
Residential
Water
Pavement
Industrial
Grass

Industrial

Residential
Pavement

Residential

Type
Pavement

Industrial
Grass

Grass

STORMWATER MANAGEMENT POND SUMMARY SHEET
STORMWATER MANAGEMENT POND  #30

Type
Pavement
Industrial

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Pond 30

III.  POND DIMENSIONS/STORAGE PROVIDED

delta Sum 
Elevation Area Avg. Area Volume Volume

SF SF CF CF

2.00 24,876

3.00 28,040 26,458 26,458 26,458

4.00 31,361 28,119 56,237 56,237

5.00 43,842 35,941 71,882 98,340 Cu Ft 4WQV Perm. Pool = 5.0

6.00 46,209 45,026 45,026 143,366

7.00 48,634 47,422 47,422 190,787

8.00 51,115 49,875 49,875 240,662

9.00 64,227 57,671 57,671 298,333

IV PHOSPHORUS REMOVAL

See Water Quality Calculation Sheets

V. POND OUTLET STRUCTURE SUMMARY

Type Size Elevation
Riser 4'x4' 6.50
Orifice 3" 5.00
Culvert 18" 2.50

VI. POND RESULTS SUMMARY

2-Year 25-Year 100-Year
Qmax (pre) = 25.21 cfs Qmax (pre) = 47.29 cfs Qmax (pre) = 67.67 cfs
Qmax (post) = 25.21 cfs Qmax (post) = 47.29 cfs Qmax (post) = 67.67 cfs

Reservoir Routing Results
Outflow 
Qmax = 0.18 cfs

Outflow 
Qmax = 0.21 cfs

Outflow Qmax 

= 0.26 cfs
Max. Pond 
Water 
Surface 
Elevation = 5.74 feet

Max. Pond 
Water 
Surface 
Elevation = 5.94 feet

Max. Pond 
Water 
Surface 
Elevation = 6.33 feet

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET
Checked by

Subject
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: POND 30

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Use Minutes

11.61

12

50 370
0.03 0.14
0.19

0.001 0.002
0.060 0.060
0.50 0.74

10.00 5.1
13.30 7.85
0.75 0.65

Pipes

3.61
0.012
0.03

unpaved
0

0.004
1.15

0.000

Ditch

Elixabeth River Tunnels Project

90

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Pavement
0.02

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Forebay Calculations

Pond
DA    

(acre)
% 

Impervious
Impervious 

area     (acre)

0.1" 
Volume 

(CF)
Actual 

Volume (CF)
8 4.96 58% 2.88 1,044        1,160             

14 11.28 61% 6.88 2,498        13,116          
19* 18.83 83% 15.63 5,673        5,690             
20 38.54 48% 18.50 6,715        7,135             
30 12.6 60% 7.56 2,744        5,147             

*Note: 18.83 acres is the contributing drainage area to the forebay. The additional 3.07 acres
sheet flows through a wooded buffer area into the basin.

Sediment Forebay Calculations for Water Quality Basins

Parsons Brinckerhoff 6/5/2013
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9.5. APPENDIX E – Tidal Flood Protection 

  



 

MEMORANDUM 

Parsons Brinckerhoff Phone: (757)-466-1732 
6161 Kempsville Circle, Suite 110 Fax: (757)-466-1493 
Norfolk VA, 23502 

Page 1 of 13 

TO: J. POHLE

FROM: D. PIPER L. WHITE F. PARKINSON

SUBJECT: Tidal Flood Protection Midtown Tunnel Norfolk Approach Area

DATE: NOVEMBER 14, 2012

 
 
The purpose of this Memo is to present the design methodology for providing flood protection 
for the Norfolk approach to formally demonstrate compliance with the Technical Requirements. 

Technical Requirements: 

The Technical Requirements provide direction on the design of flood mitigation measures, as 
follows: 

1.15.1. A – The Work shall maintain the existing flood protection provisions as a minimum.  The 
Concessionaire shall coordinate the design, construction and operation of the Work in accordance 
with FHWA Technical Manual for the Design and Construction of Road Tunnels – Civil Elements 
(Publication No. FHWA-NHI-10-034, June 2010 Draft Version) and with the United States Army Corps 
of Engineers (USACE) and any other relevant authorities. 

 1.15.1.F – Flood mitigation measures shall be determined by the Concessionaire, but at a minimum 
shall meet Extreme High Water Level (EHWL) requirements and all State and Federal Law and the 
Standard Documents.  Flood mitigation measures shall be submitted as part of the Design 
Development and Detailed Design. 

1.15.1.G- The EWHL used in the design of flood protection measures shall be calculated by the 
Concessionaire and will be included in the design Development and Detailed Design.  The EWHL shall 
be the water level with the probability of being exceeded no more than 0.002 times in one year (the 
500 year flood level).  The flood protection shall be designed for wave heights corresponding to the 
same return period.  

1.15.6.L – The calculations for the cut-and-cover tunnels, service buildings and approach ramps shall 
consider a case with a high groundwater level with a minimum factor of safety against uplift of 1.10, 
and a case with extreme high groundwater level with a minimum factor of safety against uplift of 
1.03.   

The design of the flood protection system complies with TR Section 1.15.1.A as documented 
below.  Similarly, flood mitigation measures to protect the new Midtown Tunnel from 
inundation as a result of the EWHL (500-year flood) are included as documented below. 

Current FEMA Flood Elevations: 

From the Norfolk Flood Insurance Study (Revised September 2009), the following is provided:  

FEMA 10-Year Tidal Flood   5.5’ NAVD 88 
 FEMA 50-Year Tidal Flood   6.9’ NAVD 88  
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 FEMA 100-Year Tidal Flood   7.6’ NAVD 88 

FEMA does not define the 4% (25 yr) tide stage; however, this stage can be approximated by 
developing a tide frequency curve using the four events defined by FEMA, as presented in the 
graph below.   
 

 
 
The approximate 4% tide level is Elevation 6.25-feet (NAVD 88 datum).  Allowing for a 2 foot sea 
level rise as required per Drainage Design Criteria Table 3.1.5, the future 4% tide level would be 
8.25-feet (NAVD88). [Note: this elevation generally coincides with the proposed elevation of 
graded berms as presented in the Pricing Plans during Phase 2 of project development.] 

Design Criteria: 

The Drainage Design Criteria (Exhibit C, Attachment 1D, Table 3.1.5) lists the tidal flood 
frequencies required for design.  The table below lists the current FEMA tide frequencies and 
corresponding tide frequencies noted in the Design Criteria.  The Criteria stages are 2-feet 
higher than the FEMA stages, to allow for sea level rise over the design life of the Project, per 
the notes associated with Table 3.1.5. 

Tide Frequency 2009 FEMA Tide Stage Design Criteria Tide Stage 
10% (10 year) 5.5 7.5 
2% ( 50 year) 6.9 8.9 
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1% ( 100 year) 7.6 9.6 
0.2% (500 year) 8.9 10.9 

  Elevations are in NAVD88 datum 

Per the table above and Technical Requirements Section 1.15.1.G noted above, the 
Concessionaire shall provide for the protection of the tunnel to the 0.2% (500 year) tidal event 
or Elevation 10.9-feet (NAVD88).  Most of the area surrounding the tunnel approach is within 
the current 1% flood plain (elev. 7.6-8.1) and the 0.2% flood plain (as shown on the attached 
FEMA mapping).  Once the tide level reaches the level of the current 1% stage, flood water will 
inundate the tunnel approach roadways in all directions, including Hampton Boulevard, 
Brambleton Avenue (at the terminus with Ramp B) and the Claremont Avenue and Brambleton 
Boulevard intersection area.  It is apparent from review of both the attached FEMA mapping and 
detailed topographic survey data of the area, that the tunnel approach cannot be protected to 
the future 0.2% storm surge without major changes in the character of the area, adjacent land 
areas, and/or significant impacts to the City of Norfolk drainage system that traverses the 
Norfolk approach interchange.   Therefore, the only means of providing protection for the 0.2% 
storm is by means of the existing/proposed flood gates at the portals of the existing/proposed 
Midtown Tunnel. 

The Drainage Design Criteria (Table 3.1.1) requires that the drainage system of the approach 
road be designed to a 4% (25 yr) event.  The VDOT Drainage Design Manual, Chapter 6, presents 
the methodology required for a detailed hydrologic analysis.  And, Appendix 6I-1 of the Drainage 
Manual addresses the Flood Frequency Analysis for joint probability of tidal and rainfall events 
coincidentally.  The Appendix specifically addresses the Norfolk Harbor area stating that the 
“combinations of events at the extremities of the tables will usually be critical and often the 
intermediate combinations may be ignored.”  The tables list only the 10 year and 100 year 
events.  Appendix 6I-1 suggests that either the rainfall event or the tidal event may be used to 
meet the design criteria.  If the rainfall intensity governs, the tailwater would be mean high 
water (MHL).  If the tide levels govern, no significant rainfall intensity is added.    
 
 

Norfolk Approach Flood Mitigation Design Considerations: 

The Norfolk approach area (outside of the boat section) of the Midtown Tunnel is draining 
through gravity storm sewers discharging to tidal waters.   Tidal waters back up the approach 
drainage system during tidal storm surges and flood the existing tunnel approach via overland 
flow, which in turn floods the existing tunnel boat section.   The current “low-point” in the 
existing drainage collection system is located along Ramp B, where an existing storm inlet 
connected to the adjacent City of Norfolk open culvert (carrying former Torrants Creek) has a 
top elevation of 2.96-feet (NAVD88).   During tidal flooding events, flood waters reach this 
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elevation and create a ponding area adjacent to Ramp B, which eventually traverses overland to 
the existing Midtown Tunnel boat section.   

Per Table 1 below, the recent Hurricane Sandy (October 2012) flood event involved storm surge 
to Elevation 5.17-feet (NAVD88), while Hurricane Isabel in September 2003 included storm 
surge to Elevation 6.24-feet NAVD88. 

 

Table 1 
Extreme Flood Events  

(Most Recent 10 year period) 

YEAR STORM Sewells Point  
(ft NAVD88) 

Chesapeake Bay Bridge 
Tunnel  

(ft NAVD88) 
2012 Hurricane Sandy 5.14 5.2 
2011 Hurricane Irene 5.91 5.5 
2009 Nor ‘Ida 6.08/5.67 5.7 
2006 Tropical Storm Ernesto 4.98 3.6 
2003 Hurricane Isabel 6.24 5.7 

Highest Value Flood Data, Sewells Point Station (NOAA Station ID 8638510) 
Highest Value Flood Data, Chesapeake Bay Bridge Tunnel (NOAA Station ID 8638863) 

The Hurricane Isabelle event approximated the 4% (25 year) tidal storm surge based on the tide 
frequency information provided in the FEMA Flood Insurance Study for Norfolk (revised 
September 2009).  Per the flood data presented in Table 1, above, the existing 10-year flood 
elevation of 5.5-feet (NAVD88) has been exceeded four (4) times in the past ten years. 

 
Flood Mitigation: 
 
The existing access roadways to/from the tunnel approach constrain the operation of the tunnel 
during flood events.  There are three approach roadways to the tunnel, presented in Figure Nos. 
1 – 3 below: 
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Figure 1 – Loop Ramp D 
 

 
Figure 2 – Hampton Boulevard Westbound 
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Figure 3 –Brambleton Avenue near Claremont Avenue 
 

From the figures above, existing approach roadways will commence flooding at the existing 
roadway centerline/baseline elevations as follows: 

 Loop Ramp D – Elevation 7.3-feet (NAVD88) 
 Hampton Boulevard Westbound - Elevation 5.7-feet (NAVD88) 
 Brambleton Avenue near Claremont Avenue – Elevation 6.5-feet (NAVD88) 

And, there are two departure roadways from the existing tunnel, presented as Figures Nos. 4 – 5 
below: 
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Figure 4 – Ramp B at Brambleton Avenue 
 

 
Figure 5 – Hampton Boulevard Eastbound 
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From the figures above, existing departure roadways will commence flooding at the existing 
roadway centerline/baseline elevations as follows: 

 Ramp B at Brambleton Avenune – Elevation 6.4-feet (NAVD88) 
 Hampton Boulevard Eastbound - Elevation 5.5-feet (NAVD88) 

Providing “berming” to Elevation 8 (NAVD88) would involve substantial modification to adjacent 
areas and approach/departure roadways, but does make sense.  Although all approach 
roadways become flooded above elevation 7.3-feet (NAVD88) and all departure roadways 
become flooded above Elevation 6.4-feet (NAVD88), providing such berming reduces the 
frequency that VDOT/ERC will need to operate the floodgates.  When VDOT/ERC close the 
floodgates and the tunnel boat sections fill up with water, considerable time and effort is 
involved in pumping out the boat section, removing the accumulated debris, and washing the 
walls.  This delays re-opening of the tunnel by several hours after flood waters recede.  And, 
providing the proposed floodwall/berming adjacent to Ramp B will protect that departure 
roadway to Elevation 8 (NAVD). 

From a pumping capacity perspective, the Norfolk approach pump station must be designed to 
accommodate a 50-year storm event for pump station area of influence, per the Technical 
Requirements.  As such, the “berming” design has been developed to minimize the area of 
influence to improve operations of the pump station, pumping capacity, and wet-well storage 
capacity.  
 
To address all of the various issues, PB proposes graded berms (or adjacent wall systems) be 
constructed to Elevation 8.25-feet (NAVD88) with ‘berming’ of approach roadways to Elevation 
8.0-feet (NAVD88).  As such, the tunnel approach would be protected from flooding to the 25-
year design tidal event accounting for the required 2-feet of sea level rise, and very nearly the 
existing 100-year tidal event, thus meeting VDOT Drainage Manual requirements for designing 
approach roadways to address the 25-year flood event. 
 
Operational Considerations: 

Theoretically, if the approach roadways are protected from flooding to Elevation 8 (NAVD88), 
access ‘to’ the tunnel could be maintained to nearly this elevation via Loop Ramp D; while 
access ‘from’ the tunnel could be maintained via Ramp B (with proposed flood wall system to 
Elevation 8.25-feet).  Realistically, ERC/VDOT will most likely close the flood gates when area 
flood levels exceed 6.0 – 6.5 feet (NAVD88).  PB is currently modeling various flood mitigation 
levels to determine pumping durations to remove water from the tunnel approach and boat 
sections after flooding events.  Preliminary analyses revealed estimates of less than 12-hours. 
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Basis of Design: 

Per the Technical Requirements (Exhibit C, Attachment 1B - Final Basis of Design Midtown 
Tunnel), Section 3.3, “the Project will include a flood mitigation project to minimize potential for 
flooding from the existing open storm channel located within the interchange area…”  Such is 
being accomplished by isolating the drainage collection system that currently connects to the 
existing open channel located within the interchange area, and proposing a ‘berming system’ to 
isolate the tunnel approach drainage area contributing to the Norfolk approach pump station. 
 
FHWA Technical Manual 

The following is from Chapter 2 of the Manual, Section 2.1.1, Paragraph 5: 

 
Per the first sentence in the paragraph above, the recommendations in the Manual are a 
“guide” for the Engineer to exercise sound judgment. 

The following is from Chapter 2 of the Manual, Section 2.2.4, Paragraph 3: 

 
First, this section includes a ‘recommendation’ to use the 500-year flood elevation as the design 
water level.  The flood mitigation system as currently proposed accommodates the 500-year 
flood, as the entire ‘system’ includes a flood gate, protecting the tunnel from flooding during a 
500-year flood event.  If indeed the tunnel approach roadways were designed to the 500-year 
flood elevation, such may obviate the need for including the flood gate.   

And finally, from Chapter 2 of the Manual, Section 2.4.8, Paragraph 4: 
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From our review, the section above is the only mention of use of a flood gate in the Manual.  It 
appears that use of a flood gate would be an acceptable alternative to setting the portal end 
walls and approach retaining walls at least 2 feet higher than the design flood level.  As such, by 
exercising sound judgment, it would be reasonable then that the flood gate would also be an 
acceptable means to protect the tunnel from flooding for the design flood level. 

Tunnel Stability 

Because the facility can be protected against flooding to Elev. 8-feet (NAVD88) without the use 
of the floodgate, this elevation will be the critical elevation for buoyancy and tunnel stability 
calculations for the open approach roadways.  Although the Technical Requirements reference 
the EHWL that is greater than Elev. 8-feet (NAVD88), the preceding sections of this 
memorandum have demonstrated that the +8 elevation will govern the buoyancy calculations 
for the approach ramps.  The proposed approach ramps have been designed with a factor of 
safety against buoyancy of 1.10 or greater in all sections; the structure weight and the soil 
backfill on top of the wall heels will be used to counter buoyancy. 

When the approach roadways are graded and bermed to protect against floodwaters to Elev. 8-
feet (NAVD88), the existing approach will experience flood waters greater than for which it was 
originally designed.  Using the existing tunnel plans, PB has performed calculations of structural 
adequacy and buoyancy.  No field investigations were performed to verify information 
presented on the existing plans, nor was any testing done to attempt to verify the size and 
spacing of the rebars, or strength of the concrete.  Nominal values typical for the age of the 
structures were used.  Based on these investigations, the safety factors against uplift for various 
portions of the boat section are presented in Table 2 below.  The first column neglects any soil 
friction, and the second column includes soil friction along the side shear plane. 

Table 1 
Extreme 

Flood 
Events 
Section 

Unit 

PGLs PGLe Max. slab 
thickness (ft) 

Buoyancy Safety factor 

No Soil Friction Soil Friction 
1 to 3 -17.35 -13.30 4'-10" 1.062 1.108 
5 to 6 -13.30 -9.25 4'-10" 1.063 1.097 
7 to 9 -9.25 -5.20 4'-5" 1.070 1.096 

10 to 12 -5.20 -1.15 3'-11" 1.102 1.121 
13 to 14 -1.15 1.37 3'-5" 0.864* 0.868* 
15 to 16 1.37 3.39 2'-11" 0.902* 0.904* 

 

Where the existing structure ties into the proposed structure (Sta. 133+75 to Sta. 134+94 – 
Section Units 13 to 16), the factor of safety against buoyancy of the existing structure will be 

* West wall removed 
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compromised as a result of the removal of the existing wall.  Therefore, tiedown anchors will be 
implemented in these areas to compensate for the removal of the walls and the subsequent 
lowered factor of safety against buoyancy.  The proposed anchors provide a minimum factor of 
safety of 1.10.  Figure 6 depicts the locations of the tie-down anchors in plan view.   
 

 
Figure 6 – Norfolk Tie-In Location 

For the structural analysis of the existing structure, typical sections at stations 129+85 and 
134+22 were analyzed for bending in the wall and slab, respectively.   Sections are shown in 
Figure 7 and 8.  Using 3000 psi concrete and grade 40 rebar, along with LRFD codes, it was 
determined that the sections investigated had a flexural capacity/demand ratio of 1.33 for the 
wall and 1.21 for the invert. 
 

 
Figure 7 – Section at Sta. 129+85 



 

MEMORANDUM 

Parsons Brinckerhoff Phone: (757)-466-1732 
6161 Kempsville Circle, Suite 110 Fax: (757)-466-1493 
Norfolk VA, 23502 

Page 12 of 13 

 

 

 

 
Figure 8 – Section at Sta. 134+22 

 

Although open approaches would only need to be reasonably protected to a flood elevation of 
Elev. 8-feet(NAVD88), the cut-and-cover tunnel structures would need to account for 
significantly higher water levels in line with the EHWL specified in the Technical requirements.  
These proposed structures were designed accordingly, and exhibit a factor of safety against 
buoyancy of 1.10 or greater.   

 

Summary: 

In summary, PB has executed sound engineering judgment in designing a flood mitigation 
system for the Norfolk approach.  Specifically, the flood mitigation system includes ‘layered’ 
levels of protection and mitigation for these extremely valuable transportation assets.  The 
layered protection includes an initial flood level design for the Norfolk approach based on the 
25-year design tidal event, the Norfolk approach pump station with pumping capacity for a 50-
year event, the Norfolk portal pump station (new Midtown Tunnel only) with anticipated 
pumping capacity for a 100-year event, and ultimately, the Norfolk portal flood gates to protect 
the asset against a 500-year event (meeting both the Technical Requirements and FHWA’s 
Technical Manual).  Furthermore, the new structures have been designed accordingly for the 
design water levels, and the existing section modified where the structure was compromised 
due to the proposed construction.   
 
 
 
 



 

MEMORANDUM 

Parsons Brinckerhoff Phone: (757)-466-1732 
6161 Kempsville Circle, Suite 110 Fax: (757)-466-1493 
Norfolk VA, 23502 

Page 13 of 13 

 
 

Sewells Point, VA Sewells Point, VA: Data Inventory 
Station ID: 8638610 Page Help 

Extremes 
                          HighestValues 
  
Station:  8638610                                Begin Date:  
20020101 
Name:     Sewells Point, VA                      End   Date:  
20121002 
Product:  High/Low                               Units:       Feet 
Datum:    StnDatum                               Quality:     
Verified 
  
          Rank Highest  Highest Date  Zone   NAVD88 
             1   12.27 20030918 21:00  GMT     6.24 
             2   12.11 20091112 23:18  GMT     6.08 
             3   11.94 20110828 00:18  GMT     5.91 
             4   11.70 20091113 11:12  GMT     5.67 
             5   11.11 20091112 11:00  GMT     5.05 
             6   11.01 20061122 15:06  GMT     4.98 
             7   10.90 20061007 13:42  GMT     4.87 
             8   10.70 20061007 01:42  GMT     4.67 
             9   10.57 20091113 23:18  GMT     
            10   10.53 20091219 16:18  GMT     

 
10 year tidal flood elevation 5.5 NAVD 88 exceeded 4 times is the last 10 years 
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Closed System Analysis

Nodes 27‐04 to 30‐04

Martin Luther King Expressway

Identification
Runoff 

C
Drainage 

Area
Time of 
Conc.

Time 
Used

Intensity Discharge

30-04 0.9 0.10 5.00 5.00 8.71 0.8
30-01 0.4 0.59 5.00 5.00 8.71 2.3
28-05 0.5 0.70 5.00 5.00 8.71 3.5
28-07 0.9 0.03 5.00 5.00 8.71 0.3
28-09 0.9 0.46 5.00 5.00 8.71 4.0
28-01 0.5 1.31 11.26 11.26 6.75 5.0
28-04 0.9 0.03 5.00 5.00 8.71 0.3
28-06 0.8 0.11 5.00 5.00 8.71 0.8
28-08 0.9 0.42 5.00 5.00 8.71 3.6
28-11 0.5 2.40 5.00 5.00 8.71 11
27-05 0.9 0.23 5.00 5.00 8.71 1.9
28-03 0.9 0.03 5.00 5.00 8.71 0.3
27-04 0.8 1.33 7.14 7.14 7.90 9.2

Drainage Area Summary
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Closed System Analysis

Nodes 27‐04 to 30‐04

Martin Luther King Expressway

Identification
Runoff 

C
Drainage 

Area
Time of 
Conc.

Time 
Used

Intensity Discharge

25-20 0.8 0.16 5.00 5.00 8.71 1.2

25-19 0.8 0.12 5.00 5.00 8.71 0.9

27-11 0.8 0.37 5.00 5.00 8.71 2.9

27-10 0.8 0.14 5.00 5.00 8.71 1.1

27-07 0.9 0.23 9.00 9.00 7.32 1.6

27-09 0.9 0.05 5.00 5.00 8.71 0.4

27-06 0.8 1.87 9.50 9.50 7.19 12.1

27-03 0.9 0.30 5.00 5.00 8.71 2.6

27-08 0.9 0.43 5.00 5.00 8.71 3.7

27-02 0.9 0.07 5.00 5.00 8.71 0.6

27-01 0.9 0.07 5.00 5.00 8.71 0.6

27-32 0.9 0.49 6.99 6.99 7.94 3.8

Drainage Area Summary
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Closed System Analysis

Nodes 14‐08 to 13‐06

Martin Luther King Expressway

Identification
Runoff 

C
Drainage 

Area
Time of 
Conc.

Time 
Used

Intensity Discharge

13-05 0.9 0.07 5.00 5.00 8.714 0.62
14-08 0.4 0.34 5.00 5.00 8.714 1.41

Drainage Area Summary
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Closed System Analysis

Nodes 20‐13 to 20‐15

Martin Luther King Expressway

Identification
Runoff 

C
Drainage 

Area
Time of 
Conc.

Time 
Used

Intensity Discharge

20-14 0.505 0.255 5 5 8.714 1.234
20-13 0.114 1.127 5 5 8.714 1.234

Drainage Area Summary
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Ramp SE

21-17 Slotted Barrier Rail 2 Ramp SE 228+90.00 RT 0.293 0.9 0.264 0.264 7.67 2.02 0.00 2.02 14 0.0093 0.0500 5.24 0.67 0.13 0.08 1.66 0.30 0.35 0.04 0.06 12.90 2 0.16 0.26 0.53 1.49

21-16 Slotted Barrier Rail 2 Ramp SE 228+78.00 RT 0.015 0.9 0.014 0.014 7.67 0.10 1.49 1.60 14 0.0102 0.0500 4.71 0.67 0.14 0.08 1.66 0.33 0.35 0.04 0.06 11.88 2 0.17 0.28 0.45 1.15

21-15 Slotted Barrier Rail 2 Ramp SE 228+66.00 RT 0.015 0.9 0.014 0.014 7.67 0.10 1.15 1.25 14 0.0112 0.0500 4.23 0.67 0.16 0.08 1.66 0.37 0.35 0.04 0.07 10.87 2 0.18 0.31 0.38 0.87

21-04 D1I3TY2 20 RAMP SE 226+39, 12.00 RT 0.26 0.9 0.234 0.234 7.67 1.79 0.87 2.66 12 0.0157 0.0500 5.26 2.33 0.44 0.08 1.66 0.79 1.01 0.04 0.08 14.90 20 1.34 1.00 2.66 0.00

21-01 D1I3TY2 20 RAMP SE 223+75, 12.00 RT 0.31 0.9 0.279 0.279 7.67 2.14 0.00 2.14 12 0.0110 0.0500 5.19 2.33 0.45 0.08 1.66 0.80 1.01 0.04 0.08 12.20 20 1.64 1.00 2.14 0.00

20-10 D1I3TY1 10 RAMP SE 222+54, 12.00 RT 0.14 0.9 0.126 0.126 7.67 0.97 0.00 0.97 12 0.0110 0.0500 3.85 2.33 0.61 0.08 1.66 0.92 1.01 0.04 0.08 8.46 10 1.18 1.00 0.97 0.00

20-08 D1I3TY1 10 RAMP SE 221+00, 12.00 RT 0.19 0.9 0.171 0.171 7.67 1.31 0.00 1.31 12 0.0110 0.0500 4.32 2.33 0.54 0.08 1.66 0.87 1.01 0.04 0.08 9.72 10 1.03 1.00 1.31 0.00

20-03 DI2C 10 RAMP SE 219+00, 12.00 RT 0.26 0.9 0.234 0.234 7.67 1.79 0.00 1.79 12 0.0066 0.0500 5.34 2.33 0.44 0.08 1.66 0.78 1.01 0.04 0.08 9.75 10 1.03 1.00 1.79 0.00
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20-01 DI2C 10 RAMP SE 217+35, 12.00 RT 0.26 0.9 0.234 0.234 7.67 1.80 0.00 1.80 12 0.0066 0.0500 5.34 2.33 0.44 0.08 1.66 0.78 1.01 0.04 0.08 9.76 10 1.02 1.00 1.80 0.00

18-08 Trench Drain 108 RAMP SE 216+09, 12.00 RT 0.37 0.9 0.332 0.332 7.67 2.55 0.00 2.55 12 0.0066 0.0500 6.09 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

18-04 Trench Drain 68 RAMP SE 215+15, 12.00 RT 0.26 0.9 0.234 0.234 7.67 1.79 0.00 1.79 12 0.0020 0.0500 6.68 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

18-06 D1I3TY1 10 RAMP SE 213+50, 12.00 RT 0.20 0.9 0.180 0.180 7.67 1.38 0.00 1.38 12 0.0105 0.0500 4.44 2.33 0.52 0.08 1.66 0.86 1.01 0.04 0.08 9.83 10 1.02 1.00 1.38 0.00

18-01 D1I3TY2 20 RAMP SE 212+25, 12.00 RT 0.29 0.9 0.261 0.261 7.67 2.00 0.00 2.00 12 0.0139 0.0500 4.84 2.33 0.48 0.08 1.66 0.83 1.01 0.04 0.08 12.62 20 1.59 1.00 2.00 0.00

15-21 D1I3TY2 20 RAMP SE 210+40, 12.00 RT 0.44 0.9 0.396 0.396 7.67 3.04 0.00 3.04 12 0.0139 0.0500 5.66 2.33 0.41 0.08 1.66 0.76 1.01 0.04 0.08 15.32 20 1.31 1.00 3.04 0.00

15-04 D1I3TY2 20 RAMP SE 207+75, 12.00 RT 0.45 0.9 0.401 0.401 7.67 3.08 0.00 3.08 12 0.0156 0.0578 5.08 2.33 0.46 0.08 1.44 0.81 0.79 0.03 0.08 15.56 20 1.29 1.00 3.08 0.00

13-14 Slotted Barrier Rail 2 RAMP SE 202+24, RT 0.29 0.9 0.257 0.257 7.67 1.97 0.00 1.97 8 0.0025 0.0790 4.99 2.33 0.47 0.08 1.05 0.81 0.20 0.01 0.08 7.23 2 0.28 0.44 0.87 1.10

13-15 Slotted Barrier Rail 2 RAMP SE 202+12, RT 0.01 0.9 0.009 0.009 7.67 0.07 1.10 1.17 8 0.0019 0.0790 4.32 2.33 0.54 0.08 1.05 0.87 0.20 0.01 0.09 5.33 2 0.37 0.57 0.67 0.50

13-16 Slotted Barrier Rail 2 RAMP SE 202+00, RT 0.02 0.9 0.017 0.017 7.67 0.13 0.50 0.63 8 0.0010 0.0790 3.87 2.33 0.60 0.08 1.05 0.91 0.20 0.01 0.09 3.39 2 0.59 0.80 0.63 0.00 0.31 0.50 0.6 3.87

13-17 Slotted Barrier Rail 2 RAMP SE 201+88, RT 0.01 0.9 0.009 0.009 7.67 0.07 1.88 1.95 8 0.0019 0.0790 5.23 2.33 0.45 0.08 1.05 0.79 0.20 0.01 0.08 6.63 2 0.30 0.48 0.93 1.02

13-18 Slotted Barrier Rail 2 RAMP SE 201+76, RT 0.44 0.9 0.393 0.393 7.67 3.02 0.00 3.02 8 0.0025 0.0790 5.85 2.33 0.40 0.08 1.05 0.74 0.20 0.01 0.08 8.67 2 0.23 0.38 1.13 1.88

Martin Luther King Expressway

14-08 DI10H 20 MLK 1001+00.00, 1.00 RT 0.340 0.9 0.306 0.306 7.67 2.35 0.72 3.07 6.375 0.0280 0.0720 3.97 2.33 0.59 0.08 1.15 0.91 0.39 0.01 0.08 17.98 20 1.11 1.00 3.07 0.00

13-05 DI10H 10 MLK 1000+05.00, 1.00 RT 0.072 0.9 0.065 0.065 7.67 0.50 0.00 0.50 6.375 0.0280 0.0480 2.58 2.33 0.90 0.08 1.73 1.00 1.06 0.04 0.09 8.29 10 1.21 1.00 0.50 0.00

30-02 DI10H 10 MLK 1048+56.00, 1.00 RT 0.051 0.9 0.046 0.046 7.67 0.35 0.00 0.35 6.375 0.0247 0.0100 6.21 2.33 0.38 0.08 8.30 0.72 2.12 0.08 0.06 8.23 10 1.21 1.00 0.35 0.00

30-03 DI10H 14 MLK 1047+73.00, 1.00 RT 0.183 0.9 0.164 0.164 7.67 1.26 0.00 1.26 6.375 0.0328 0.0291 4.86 2.33 0.48 0.08 2.86 0.82 1.59 0.06 0.08 13.84 14 1.01 1.00 1.26 0.00

28-08 DI10H 20 MLK 1045+30.00, 1.00 RT 0.420 0.9 0.378 0.378 7.67 2.90 0.00 2.90 6.375 0.0400 0.0670 3.80 2.33 0.61 0.08 1.24 0.92 0.53 0.02 0.08 19.55 20 1.02 1.00 2.90 0.00

28-09 DI10H 20 MLK 1045+30.00, 46.7 LT 0.464 0.9 0.418 0.418 7.67 3.20 0.00 3.20 12 0.0400 0.0670 3.94 2.33 0.59 0.08 1.24 0.91 0.53 0.02 0.08 20.42 20 0.98 1.00 3.20 0.00

30-09 DI10H 10 MLK 1050+00.00, 1.00 LT 0.111 0.9 0.100 0.100 7.67 0.77 0.00 0.77 4.3 0.0105 0.0221 5.93 2.33 0.39 0.08 3.76 0.74 1.79 0.06 0.07 8.47 10 1.18 1.00 0.77 0.00

30-10 DI10H 20 MLK 1050+70.00, 1.00 LT 0.066 0.9 0.059 0.059 7.67 0.46 0.00 0.46 3 0.0036 0.0354 4.44 2.33 0.52 0.08 2.34 0.86 1.41 0.05 0.08 4.54 20 4.40 1.00 0.46 0.00

30-12 DI10H 20 MLK 1051+07.41, 1.00 LT 0.043 0.9 0.038 0.038 7.67 0.29 0.00 0.29 2 0.0010 0.0362 4.73 2.33 0.49 0.08 2.29 0.84 1.39 0.05 0.08 2.60 20 7.69 1.00 0.29 0.00 0.17 0.38 0.4 5.00

30-12 DI10H 20 MLK 1051+07.41, 1.00 LT 0.042 0.9 0.038 0.038 7.67 0.29 0.00 0.29 2 0.0010 0.0362 4.69 2.33 0.50 0.08 2.29 0.84 1.39 0.05 0.08 2.57 20 7.78 1.00 0.29 0.00 0.17 0.38 0.4 5.00

30-11 DI10H 20 MLK 1051+44.00, 1.00 LT 0.085 0.9 0.077 0.077 7.67 0.59 0.00 0.59 2 0.0036 0.0487 4.00 2.33 0.58 0.08 1.70 0.90 1.04 0.04 0.08 4.93 20 4.06 1.00 0.59 0.00

30-19 DI10H 10 MLK 1052+40, 1.00 LT 0.112 0.9 0.101 0.101 7.67 0.77 0.00 0.77 2 0.0140 0.0580 3.08 2.33 0.76 0.08 1.43 0.98 0.78 0.03 0.09 8.14 10 1.23 1.00 0.77 0.00

31-01 DI10H 10 MLK 1053+63, 1.00 LT 0.122 0.9 0.110 0.110 7.67 0.84 0.21 1.05 2 0.0085 0.0580 3.80 2.33 0.61 0.08 1.43 0.92 0.78 0.03 0.08 8.04 10 1.24 1.00 1.05 0.00

50-17 EX-DI10H 4 EXIST MLK 1054+90, 1.00 LT 0.122 0.9 0.109 0.109 7.67 0.84 0.14 0.98 5 0.0052 0.0500 4.45 2.33 0.52 0.08 1.66 0.86 1.01 0.04 0.08 6.89 4 0.58 0.79 0.77 0.21 Exist Grate eliminates bypass

50-22 EX-DI10H 4 EXIST MLK 1056+16, 1.00 LT 0.120 0.9 0.108 0.108 7.67 0.83 0.00 0.83 5 0.0052 0.0500 4.18 2.33 0.56 0.08 1.66 0.89 1.01 0.04 0.08 6.38 4 0.63 0.83 0.69 0.14 Exist Grate eliminates bypass

30-18 DI10H 20 MLK 1050+69.00, 1.00 LT 0.210 0.9 0.189 0.189 7.67 1.45 0.00 1.45 2 0.0700 0.0500 3.17 2.33 0.74 0.08 1.66 0.97 1.01 0.04 0.08 17.23 20 1.16 1.00 1.45 0.00

30-13 DI10H 8 MLK 1051+07.00, 1.00 LT 0.040 0.9 0.036 0.036 7.67 0.28 0.00 0.28 2 0.0600 0.0500 1.75 2.33 1.33 0.08 1.66 0.95 1.01 0.04 0.08 8.24 8 0.97 1.00 0.28 0.00

RAMP N

27-01 DI2B 14 RAMP N 614+79.00, 22 RT 0.070 0.9 0.063 0.063 7.67 0.48 0.78 1.26 10 0.0140 0.0500 4.06 2.33 0.57 0.08 1.66 0.90 1.01 0.04 0.08 10.21 14 1.37 1.00 1.26 0.00

27-32 DI2B 20 RAMP N 614+00.00, 22 RT 0.489 0.9 0.440 0.440 7.67 3.38 4.65 8.03 10 0.0222 0.0500 7.46 2.33 0.31 0.08 1.66 0.63 1.01 0.04 0.07 27.51 20 0.73 0.90 7.25 0.78,

27-02 DI2B 8 RAMP N 614+88.00, 16.00 LT 0.065 0.9 0.059 0.059 7.67 0.45 0.00 0.45 6 0.0140 0.0500 2.76 2.33 0.84 0.08 1.66 0.99 1.01 0.04 0.09 6.46 8 1.24 1.00 0.45 0.00

RAMP S

27-09 DI10KTY3 12 RAMP S 502+00.00, 8.00' RT 0.049 0.9 0.044 0.044 7.67 0.34 0.60 0.94 8 0.0331 0.0500 3.10 2.33 0.75 0.08 1.66 0.98 1.01 0.04 0.09 11.48 12 1.05 1.00 0.94 0.00

27-08 DI10KTY3 20 RAMP S 502+90.00, 8.00' RT 0.426 0.9 0.383 0.383 7.67 2.94 2.58 5.51 8 0.0465 0.0500 5.64 2.33 0.41 0.08 1.66 0.76 1.01 0.04 0.08 28.27 20 0.71 0.89 4.91 0.60

27-03 DI2B RAMP S 500+55.00,20.00' LT 0.300 0.9 0.270 0.270 7.67 2.07 0.00 2.07 6 0.0182 0.0500 4.66 2.33 0.50 0.08 1.66 0.84 1.01 0.04 0.08 13.82 14 1.01 1.00 2.07 0.00

Ramp WN

20-19 DI10KTY3 20 Ramp WN 407+60.00, 8.00 RT 0.492 0.9 0.443 0.443 7.67 3.40 1.94 5.34 8 0.0350 0.0700 4.76 2.33 0.49 0.08 1.19 0.83 0.45 0.02 0.08 24.48 20 0.82 0.95 5.09 0.25

20-16 DI3B 10 Ramp WN 405+93.00, 8.00 RT 0.130 0.9 0.117 0.117 7.67 0.90 0.25 1.15 8 0.0091 0.0500 4.25 2.33 0.55 0.08 1.66 0.88 1.01 0.04 0.08 8.67 10 1.15 1.00 1.15 0.00
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20-14 DI2C 6 Ramp WN 405+36.00, 8.00 RT 0.250 0.9 0.225 0.225 7.67 1.73 0.03 1.76 8 0.0010 0.0500 7.55 2.33 0.31 0.08 1.66 0.63 1.01 0.04 0.07 5.74 6 1.05 1.00 1.76 0.00 0.25 0.1 3.1 5.1

20-13 DI10KTY3 20 Ramp WN 404+79.00, 8.00 RT 1.130 0.9 1.017 1.017 7.67 7.80 0.00 7.80 8 0.0087 0.0500 8.80 2.33 0.26 0.08 1.66 0.56 1.01 0.04 0.07 20.96 20 0.95 1.00 7.77 0.03

I-264

18-10 D1I3TY1 20 I-264 1441+00, 58.00 LT 0.282 0.9 0.254 0.254 7.67 1.95 0.00 1.95 12 0.0187 0.0200 8.04 2.33 0.29 0.08 4.15 0.60 1.84 0.07 0.06 16.25 20 1.23 1.00 1.95 0.00

18-11 D1I3TY1 20 I-264 1444+50, 58.00 LT 0.139 0.9 0.125 0.125 7.67 0.96 0.00 0.96 12 0.0564 0.0200 5.01 2.33 0.46 0.08 4.15 0.81 1.84 0.07 0.07 14.81 20 1.35 1.00 0.96 0.00

RAMP SW

15-37 Slotted Barrier Rail 2 Ramp SW 107+20.00 RT 0.670 0.9 0.603 0.603 7.67 4.63 0.00 4.63 8 0.0276 0.0500 5.83 2.33 0.40 0.08 1.66 0.74 1.01 0.04 0.08 22.54 2 0.09 0.15 0.71 3.91

15-36 Slotted Barrier Rail 2 Ramp SW 107+58.00 RT 0.030 0.9 0.027 0.027 7.67 0.21 3.91 4.12 8 0.0271 0.0500 5.60 2.33 0.42 0.08 1.66 0.76 1.01 0.04 0.08 21.25 2 0.09 0.16 0.67 3.45

15-34 Slotted Barrier Rail 2 Ramp SW 107+97.00 RT 0.035 0.9 0.032 0.032 7.67 0.24 3.45 3.69 8 0.0197 0.0500 5.70 2.33 0.41 0.08 1.66 0.75 1.01 0.04 0.08 18.48 2 0.11 0.19 0.69 3.00p

15-33 Slotted Barrier Rail 2 Ramp SW 108+34.00 RT 0.044 0.9 0.040 0.040 7.67 0.30 3.00 3.31 8 0.0122 0.0500 5.99 2.33 0.39 0.08 1.66 0.73 1.01 0.04 0.08 15.38 2 0.13 0.22 0.73 2.57

15-33 Slotted Barrier Rail 2 Ramp SW 108+64.00 RT 0.032 0.9 0.029 0.029 7.67 0.22 2.57 2.79 8 0.0075 0.0500 6.16 2.33 0.38 0.08 1.66 0.72 1.01 0.04 0.08 12.43 2 0.16 0.27 0.76 2.04

15-32 Slotted Barrier Rail 2 Ramp SW 108+76.00 RT 0.013 0.9 0.012 0.012 7.67 0.09 2.04 2.13 8 0.0057 0.0500 5.86 2.33 0.40 0.08 1.66 0.74 1.01 0.04 0.08 10.12 2 0.20 0.33 0.70 1.43

15-31 Slotted Barrier Rail 2 Ramp SW 108+88.00 RT 0.012 0.9 0.011 0.011 7.67 0.08 1.43 1.51 8 0.0047 0.0500 5.35 2.33 0.44 0.08 1.66 0.78 1.01 0.04 0.08 8.18 2 0.24 0.40 0.60 0.91

15-30 Slotted Barrier Rail 2 Ramp SW 109+00.00 RT 0.013 0.9 0.012 0.012 7.67 0.09 0.91 1.00 12 0.0015 0.0500 5.67 2.33 0.41 0.08 1.66 0.76 1.01 0.04 0.08 4.93 2 0.41 0.61 0.61 0.39

15-29 Slotted Barrier Rail 2 Ramp SW 109+12.00 RT 0.039 0.9 0.035 0.035 7.67 0.27 0.57 0.84 12.8 0.0010 0.0500 5.72 2.33 0.41 0.08 1.66 0.75 1.01 0.04 0.08 4.06 2 0.49 0.71 0.84 0.00 0.64 0.5 1.3 7.4

15-28 Slotted Barrier Rail 2 Ramp SW 109+24.00 RT 0.017 0.9 0.015 0.015 7.67 0.12 0.51 0.63 13 0.0015 0.0500 4.75 2.33 0.49 0.08 1.66 0.83 1.01 0.04 0.08 3.96 2 0.51 0.72 0.45 0.18

15-27 Slotted Barrier Rail 2 Ramp SW 109+36.00 RT 0.012 0.9 0.011 0.011 7.67 0.08 0.92 1.01 13 0.0037 0.0500 4.81 2.33 0.48 0.08 1.66 0.83 1.01 0.04 0.08 6.32 2 0.32 0.50 0.50 0.51

15-26 Slotted Barrier Rail 2 Ramp SW 109+48.00 RT 0.013 0.9 0.012 0.012 7.67 0.09 1.41 1.49 13 0.0055 0.0500 5.16 2.33 0.45 0.08 1.66 0.80 1.01 0.04 0.08 8.52 2 0.23 0.38 0.57 0.92

15-25 Slotted Barrier Rail 2 Ramp SW 109+60.00 RT 0.011 0.9 0.010 0.010 7.67 0.08 1.96 2.04 13 0.0074 0.0500 5.49 2.33 0.42 0.08 1.66 0.77 1.01 0.04 0.08 10.68 2 0.19 0.31 0.64 1.41

15-24 Slotted Barrier Rail 2 Ramp SW 109+72.00 RT 0.010 0.9 0.009 0.009 7.67 0.07 2.44 2.51 14 0.0136 0.0500 5.29 0.67 0.13 0.08 1.66 0.30 0.35 0.04 0.06 15.85 2 0.13 0.22 0.54 1.96

12-08 Slotted Barrier Rail 2 Ramp SW 109+84.00 RT 0.010 0.9 0.009 0.009 7.67 0.07 2.97 3.04 14 0.0136 0.0500 5.68 0.67 0.12 0.08 1.66 0.28 0.35 0.04 0.06 17.32 2 0.12 0.20 0.60 2.44

12-07 Slotted Barrier Rail 2 Ramp SW 109+96.00 RT 0.012 0.9 0.011 0.011 7.67 0.08 3.55 3.63 14 0.0136 0.0500 6.08 0.67 0.11 0.08 1.66 0.27 0.35 0.04 0.06 18.80 2 0.11 0.18 0.67 2.97

12-06 Slotted Barrier Rail 2 Ramp SW 110+08.00 RT 0.011 0.9 0.010 0.010 7.67 0.08 4.21 4.28 14 0.0136 0.0500 6.46 0.67 0.10 0.08 1.66 0.25 0.35 0.04 0.06 20.27 2 0.10 0.17 0.73 3.55

12-05 Slotted Barrier Rail 2 Ramp SW 110+20.00 RT 0.011 0.9 0.010 0.010 7.67 0.08 4.93 5.00 14 0.0136 0.0500 6.85 0.67 0.10 0.08 1.66 0.24 0.35 0.04 0.06 21.76 2 0.09 0.16 0.80 4.21

12-04 Slotted Barrier Rail 2 Ramp SW 110+32.00 RT 0.021 0.9 0.019 0.019 7.67 0.14 5.65 5.79 14 0.0136 0.0500 7.24 0.67 0.09 0.08 1.66 0.23 0.35 0.04 0.06 23.26 2 0.09 0.15 0.87 4.93

12-02 Slotted Barrier Rail 2 Ramp SW 114+40.00 RT 0.951 0.9 0.856 0.856 7.67 6.56 0.00 6.56 14 0.0142 0.0500 7.53 0.67 0.09 0.08 1.66 0.22 0.35 0.04 0.06 24.92 2 0.08 0.14 0.92 5.65

RAMP EN

N/A Spread Check Ramp EN 347+00.00 RT 0.334 0.9 0.301 0.301 7.67 2.31 0.00 2.31 8 0.0508 0.0720 3.19

13-07 Slotted Barrier Rail 2 Ramp EN 349+35.00 RT 0.498 0.9 0.448 0.448 7.67 3.44 0.00 3.44 8 0.0045 0.0500 7.32 0.67 0.09 0.08 1.66 0.22 0.35 0.04 0.06 13.42 2 0.15 0.25 0.87 2.57

13-08, 13-
09 & 13-

10
Slotted Barrier Rail 2 Ramp EN 349+57.00 RT (SAG) 0.027 0.9 0.024 0.024 7.67 0.18 0.00 0.18 8 0.0010 0.0500 3.23 0.67 0.21 0.08 1.66 0.46 0.35 0.04 0.07 2.27 2 0.88 0.98 0.18 0.00 0.40 0.50 0.80 3.6

13-11 Slotted Barrier Rail 2 Ramp EN 349+80.00 RT 0.038 0.9 0.034 0.034 7.67 0.26 0.00 0.26 8 0.0044 0.0500 2.80 0.67 0.24 0.08 1.66 0.52 0.35 0.04 0.07 4.03 2 0.50 0.71 0.19 0.08

12-12 & 
13-13 Slotted Barrier Rail 2 Ramp EN 349+90.00 LT 0.097 0.9 0.087 0.087 7.67 0.67 0.00 0.67 6 0.0010 0.0500 5.26 0.67 0.13 0.08 1.66 0.30 0.35 0.04 0.06 4.16 2 0.48 0.69 0.46 0.21

High Street

27-06 DI3B 20 17+34.00, 30' RT 1.866 0.8 1.536 1.536 4 6.14 0.00 6.14 8 0.0075 0.0240 13.09 0.67 0.05 0.08 3.46 0.13 0.56 0.07 0.03 28.49 20 0.70 0.89 5.45 0.69 Exceeds Allowable Spread Width

27-04 DI3B 10 17+92.00, 30' LT 1.372 0.8 1.098 1.098 4 4.39 0.00 4.39 8 0.0080 0.0240 11.40 0.67 0.06 0.08 3.46 0.15 0.56 0.07 0.03 24.66 20 0.81 0.95 4.17 0.22 0.19 0.50 0.38 11.57 Exceeds Allowable Spread Width
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15-07 Scupper 8"X54" MLK 1010+37, 33.00 LT 0.31 0.90 0.28 0.28 7.67 2.1 0.0 2.1 8.0 0.005 0.054 5.7 0 0.31 0.89 2.39 0.50 0.71 0.05 0.95 1.88 1.19 0.95 0.95 0.4 1.17

15-15 Scupper 8"X54" MLK 1009+16, 31.40 LT 0.09 0.90 0.08 0.08 7.67 0.6 1.2 1.8 8.0 0.015 0.023 7.5 0 0.17 0.64 2.82 0.50 0.65 -0.03 1.00 1.50 0.49 0.71 0.49 1.9 1.32

15-16 Scupper 8"X54" MLK 1008+46,31.40 LT 0.05 0.90 0.05 0.05 7.67 0.4 1.3 1.7 8.0 0.021 0.020 7.5 0 0.15 0.56 2.99 0.50 0.66 -0.02 1.00 1.40 0.40 0.66 0.40 2.4 1.29

15-19 Scupper 8"X54" MLK 1007+29,31.40 LT 0.09 0.90 0.08 0.08 7.67 0.6 1.3 1.9 8.0 0.028 0.020 7.4 0 0.15 0.55 3.46 0.50 0.75 0.11 0.89 1.41 0.40 0.66 0.40 1.9 1.50

15-20 Scupper 8"X54" MLK 1006+84,31.40 LT 0.03 0.90 0.03 0.03 7.67 0.2 1.5 1.7 8.0 0.028 0.020 7.2 0 0.14 0.51 3.38 0.50 0.73 0.08 0.92 1.36 0.38 0.65 0.38 3.1 1.36

14-04 Scupper 8"X54" MLK 1006+29,31.40 LT 0.04 0.90 0.04 0.04 7.67 0.3 1.4 1.6 8.0 0.028 0.020 7.0 0 0.14 0.49 3.33 0.50 0.71 0.06 0.94 1.33 0.36 0.64 0.36 2.7 1.28

14-05 Scupper 8"X54" MLK 1005+75,31.40 LT 0.04 0.90 0.04 0.04 7.67 0.3 1.3 1.6 8.0 0.028 0.020 6.9 0 0.14 0.48 3.30 0.50 0.70 0.04 0.96 1.31 0.35 0.64 0.35 2.5 1.22

14-06 Scupper 8"X54" MLK 1005+22,31.40 LT 0.04 0.90 0.04 0.04 7.67 0.3 1.2 1.5 8.0 0.028 0.020 6.8 0 0.14 0.46 3.26 0.50 0.69 0.02 0.98 1.28 0.35 0.63 0.35 2.4 1.15
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16-01 Scupper 8"X54" MLK 1013+95, 31.40 RT 0.11 0.90 0.10 0.10 7.67 0.8 0.0 0.8 8.0 0.005 0.020 7.4 0 0.15 0.54 1.45 0.50 0.31 -1.13 1.00 0.65 0.39 0.66 0.39 0.5 0.39

16-02 Scupper 8"X54" MLK 1013+85, 31.40 RT 0.01 0.90 0.01 0.01 7.67 0.1 0.4 0.4 8.0 0.005 0.017 6.7 0 0.11 0.37 1.20 0.50 0.24 -1.85 1.00 0.39 0.26 0.57 0.26 5.0 0.19

16-03 Scupper 8"X54" MLK 1013+75, 31.40 RT 0.01 0.90 0.01 0.01 7.67 0.1 0.2 0.2 8.0 0.005 0.013 6.2 0 0.08 0.25 0.98 0.50 0.17 -2.89 1.00 0.23 0.16 0.49 0.16 3.1 0.09

16-04 Scupper 8"X54" MLK 1013+64, 31.40 RT 0.01 0.90 0.01 0.01 7.67 0.1 0.1 0.1 8.0 0.005 0.010 6.1 0 0.06 0.18 0.80 0.50 0.13 -4.22 1.00 0.14 0.10 0.42 0.10 1.7 0.04

16-05 Scupper 8"X54" MLK 1012+17, 1.00 RT 0.11 0.90 0.10 0.10 7.67 0.8 0.0 0.8 6.4 0.005 0.038 5.1 0 0.19 0.48 1.73 0.50 0.42 -0.61 1.00 0.80 0.57 0.75 0.57 0.8 0.26

15-06 Scupper 8"X54" MLK 1010+54, 1.00 RT 0.13 0.90 0.11 0.11 7.67 0.9 0.3 1.1 6.4 0.005 0.051 4.7 0 0.24 0.56 2.01 0.50 0.53 -0.26 1.00 1.10 0.80 0.84 0.80 1.2 0.33

15-09 Scupper 8"X54" MLK 1009+50, 1.00 RT 0.08 0.90 0.07 0.07 7.67 0.5 0.3 0.9 6.4 0.013 0.027 5.3 0 0.14 0.38 2.26 0.50 0.49 -0.38 1.00 0.82 0.37 0.65 0.37 1.0 0.48

15-10 Scupper 8"X54" MLK 1009+00, 1.00 RT 0.04 0.90 0.03 0.03 7.67 0.3 0.5 0.7 6.4 0.015 0.020 5.9 0 0.12 0.34 2.16 0.50 0.43 -0.56 1.00 0.69 0.28 0.59 0.28 1.5 0.47

15-11 Scupper 8"X54" MLK 1008+50, 1.00 RT 0.04 0.90 0.04 0.04 7.67 0.3 0.5 0.7 6.4 0.021 0.020 5.5 0 0.11 0.30 2.46 0.50 0.48 -0.40 1.00 0.70 0.25 0.57 0.25 1.4 0.49

15-12 Scupper 8"X54" MLK 1008+00, 1.00 RT 0.04 0.90 0.03 0.03 7.67 0.3 0.5 0.8 6.4 0.024 0.020 5.4 0 0.11 0.29 2.59 0.50 0.50 -0.34 1.00 0.72 0.24 0.56 0.24 1.4 0.51

15-13 Scupper 8"X54" MLK 1007+50, 1.00 RT 0.04 0.90 0.04 0.04 7.67 0.3 0.5 0.8 6.4 0.028 0.020 5.3 0 0.11 0.28 2.76 0.50 0.53 -0.26 1.00 0.75 0.24 0.56 0.24 1.4 0.54

15-14 Scupper 8"X54" MLK 1007+00, 1.00 RT 0.04 0.90 0.03 0.03 7.67 0.3 0.5 0.8 6.4 0.028 0.020 5.4 0 0.11 0.29 2.79 0.50 0.54 -0.25 1.00 0.77 0.24 0.56 0.24 1.5 0.56

14-01 Scupper 8"X54" MLK 1006+50, 1.00 RT 0.04 0.90 0.03 0.03 7.67 0.3 0.6 0.8 6.4 0.028 0.020 5.4 0 0.11 0.29 2.80 0.50 0.54 -0.23 1.00 0.78 0.25 0.56 0.25 1.5 0.58

14-02 Scupper 8"X54" MLK 1006+00, 1.00 RT 0.04 0.90 0.03 0.03 7.67 0.3 0.6 0.8 6.4 0.028 0.020 5.5 0 0.11 0.30 2.82 0.50 0.55 -0.22 1.00 0.80 0.25 0.57 0.25 1.5 0.59

14-03 Scupper 8"X54" MLK 1005+22, 1.00 RT 0.06 0.90 0.05 0.05 7.67 0.4 0.6 1.0 6.4 0.028 0.020 5.8 0 0.12 0.34 2.94 0.50 0.58 -0.15 1.00 0.93 0.27 0.58 0.27 1.3 0.72

24-01 Scupper 8"X54" MLK 1026+41, 64' RT 0.86 0.90 0.78 0.78 7.67 6.0 0.0 6.0 12.0 0.010 0.041 8.8 0 0.36 1.59 3.75 0.50 1.19 0.44 0.56 2.53 1.51 1.03 1.03 0.2 4.93

27-31 Scupper 8"X54" MLK SB 1038+00.00, 43.38' LT 0.24 0.90 0.22 0.22 7.67 1.7 0.0 1.7 12.0 0.016 0.020 7.8 0 0.16 0.62 2.71 0.50 0.60 -0.11 1.00 1.35 0.43 0.68 0.43 0.3 1.24

27-18 Scupper 8"X54" MLK SB 1036+75.00, 43.38' LT 0.13 0.90 0.12 0.12 7.67 0.9 0.0 0.9 12.0 0.003 0.020 8.5 0 0.17 0.73 1.24 0.50 0.29 -1.34 1.00 0.70 0.49 0.71 0.49 0.5 0.42

27-15, 16, 17 Scupper 8"X54" Sag (Multiple Inlets) 0.08 0.90 0.07 0.07 7.67 0.5 0.8 1.3 12.0 0.001 0.020 12.0 0 0.24 1.44 0.90 0.50 0.24 -1.81 1.00 N/A 0.82 0.84 0.82 N/A N/A Per Chapter 22 of Bridge Drainage Manual 2 inlets are required.
27-14 Scupper 8"X54" MLK SB 1036+15.00, 43.38' LT 0.12 0.90 0.10 0.10 7.67 0.8 0.0 0.8 12.0 0.003 0.020 8.1 0 0.16 0.66 1.20 0.50 0.27 -1.47 1.00 0.63 0.45 0.69 0.45 0.6 0.34

25-06 Scupper 8"X54" MLK SB 1035+00.00, 43.38' LT 0.40 0.90 0.36 0.36 7.67 2.8 0.1 2.8 12.0 0.015 0.020 9.7 0 0.19 0.94 3.02 0.50 0.73 0.09 0.91 1.83 0.59 0.76 0.59 0.3 2.25

24-18 Scupper 8"X54" MLK SB 1028+15.00, 1.00' LT 0.01 0.90 0.01 0.01 7.67 0.1 0.1 0.1 6.0 0.015 0.010 4.9 0 0.05 0.11 1.16 0.50 0.17 -2.89 1.00 0.13 0.07 0.37 0.07 1.2 0.06

24-17 Scupper 8"X54" MLK SB 1028+10.00, 1.00' LT 0.01 0.90 0.01 0.01 7.67 0.1 0.1 0.1 6.0 0.015 0.010 4.8 0 0.05 0.12 1.22 0.50 0.18 -2.63 1.00 0.14 0.08 0.38 0.08 1.3 0.07

24-16 Scupper 8"X54" MLK SB 1028+05.00, 1.00' LT 0.01 0.90 0.01 0.01 7.67 0.1 0.1 0.2 6.0 0.015 0.011 4.8 0 0.05 0.13 1.30 0.50 0.20 -2.33 1.00 0.17 0.09 0.40 0.09 1.5 0.08

24-15 Scupper 8"X54" MLK SB 1028+00.00, 1.00' LT 0.01 0.90 0.01 0.01 7.67 0.1 0.2 0.2 6.0 0.015 0.012 5.0 0 0.06 0.15 1.40 0.50 0.22 -2.00 1.00 0.21 0.10 0.42 0.10 1.8 0.11

24-14 Scupper 8"X54" MLK SB 1027+95.00, 1.00' LT 0.02 0.90 0.01 0.01 7.67 0.1 0.2 0.3 6.0 0.015 0.013 5.3 0 0.07 0.18 1.52 0.50 0.25 -1.66 1.00 0.26 0.12 0.45 0.12 1.3 0.15

24-13 Scupper 8"X54" MLK SB 1027+85.00, 1.00' LT 0.02 0.90 0.01 0.01 7.67 0.1 0.2 0.3 6.0 0.015 0.015 5.1 0 0.08 0.19 1.61 0.50 0.28 -1.43 1.00 0.30 0.14 0.47 0.14 1.5 0.16

24-12 Scupper 8"X54" MLK SB 1027+75.00, 1.00' LT 0.02 0.90 0.02 0.02 7.67 0.1 0.2 0.4 6.0 0.015 0.017 5.0 0 0.08 0.21 1.73 0.50 0.31 -1.19 1.00 0.35 0.17 0.49 0.17 1.7 0.20

24-11 Scupper 8"X54" MLK SB 1027+65.00, 1.00' LT 0.02 0.90 0.02 0.02 7.67 0.1 0.3 0.4 6.0 0.015 0.019 5.1 0 0.09 0.24 1.86 0.50 0.34 -0.95 1.00 0.43 0.20 0.52 0.20 2.0 0.25

24-10 Scupper 8"X54" MLK SB 1027+55.00, 1.00' LT 0.02 0.90 0.02 0.02 7.67 0.1 0.4 0.6 6.0 0.015 0.020 5.2 0 0.11 0.28 2.03 0.50 0.39 -0.72 1.00 0.54 0.24 0.56 0.24 2.5 0.33

24-09 Scupper 8"X54" MLK SB 1027+45.00, 1.00' LT 0.02 0.90 0.02 0.02 7.67 0.1 0.6 0.7 6.0 0.015 0.022 5.5 0 0.12 0.33 2.21 0.50 0.45 -0.50 1.00 0.70 0.29 0.60 0.29 2.7 0.45

24-08 Scupper 8"X54" MLK SB 1027+35.00, 1.00' LT 0.02 0.90 0.02 0.02 7.67 0.2 0.8 1.0 6.0 0.015 0.024 5.8 0 0.14 0.40 2.41 0.50 0.51 -0.31 1.00 0.89 0.35 0.63 0.35 3.0 0.60

24-07 Scupper 8"X54" MLK SB 1027+20.00, 1.00' LT 0.03 0.90 0.03 0.03 7.67 0.2 1.0 1.2 6.0 0.015 0.027 5.9 0 0.16 0.47 2.63 0.50 0.59 -0.14 1.00 1.14 0.43 0.68 0.43 3.1 0.79

24-06 Scupper 8"X54" MLK SB 1027+00.00, 1.00' LT 0.04 0.90 0.04 0.04 7.67 0.3 1.3 1.5 6.0 0.015 0.030 6.0 0 0.18 0.54 2.88 0.50 0.68 0.01 0.99 1.41 0.53 0.73 0.53 3.2 1.02

24-05 Scupper 8"X54" MLK SB 1026+75.00, 1.00' LT 0.09 0.90 0.08 0.08 7.67 0.6 1.3 1.9 6.0 0.015 0.035 5.9 0 0.21 0.61 3.15 0.50 0.78 0.14 0.86 1.52 0.64 0.78 0.64 2.4 1.27

24-04 Scupper 8"X54" MLK SB 1026+10.00, 1.00' LT 0.09 0.90 0.08 0.08 7.67 0.6 1.5 2.1 6.0 0.015 0.046 5.1 0 0.24 0.61 3.47 0.50 0.92 0.27 0.73 1.48 0.80 0.83 0.80 2.9 1.31

24-03 Scupper 8"X54" MLK SB 1025+50.00, 1.00' LT 0.18 0.90 0.16 0.16 7.67 1.2 1.2 2.4 6.0 0.015 0.053 4.9 0 0.26 0.65 3.70 0.50 1.02 0.34 0.66 1.52 0.92 0.87 0.87 1.9 1.52

23-15 Scupper 8"X54" MLK SB 1024+14.00, 1.00' LT 0.18 0.90 0.16 0.16 7.67 1.2 0.8 2.0 6.0 0.015 0.053 4.6 0 0.24 0.57 3.54 0.50 0.95 0.29 0.71 1.38 0.83 0.85 0.83 1.5 1.17

23-14 Scupper 8"X54" MLK SB 1022+80.00, 1.00' LT 0.19 0.90 0.17 0.17 7.67 1.3 0.2 1.6 6.0 0.012 0.053 4.4 0 0.23 0.52 3.01 0.50 0.79 0.15 0.85 1.28 0.78 0.83 0.78 0.8 0.78

23-13 Scupper 8"X54" MLK SB 1021+35.00, 1.00' LT 0.06 0.90 0.05 0.05 7.67 0.4 0.2 0.6 6.0 0.005 0.025 5.8 0 0.15 0.42 1.44 0.50 0.31 -1.14 1.00 0.57 0.38 0.65 0.38 1.1 0.23

23-12 Scupper 8"X54" MLK SB 1020+90.00, 1.00' LT 0.06 0.90 0.05 0.05 7.67 0.4 0.2 0.6 6.0 0.005 0.025 5.7 0 0.14 0.41 1.42 0.50 0.30 -1.20 1.00 0.54 0.37 0.65 0.37 1.1 0.21

23-11 Scupper 8"X54" MLK SB 1020+50.00, 1.00' LT 0.06 0.90 0.05 0.05 7.67 0.4 0.1 0.5 6.0 0.005 0.025 5.6 0 0.14 0.38 1.39 0.50 0.29 -1.28 1.00 0.50 0.35 0.63 0.35 0.9 0.18
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23-10 Scupper 8"X54" MLK 1020+0.000, 55.40' LT 0.01 0.90 0.01 0.01 7.67 0.1 0.1 0.2 12.0 0.005 0.004 11.2 0 0.05 0.27 0.69 0.50 0.10 -5.52 1.00 0.12 0.07 0.38 0.07 0.9 0.11

23-09 Scupper 8"X54" MLK 1019+90.00, 55.40' LT 0.01 0.90 0.01 0.01 7.67 0.1 0.1 0.2 12.0 0.005 0.006 9.0 0 0.05 0.25 0.75 0.50 0.12 -4.76 1.00 0.14 0.09 0.40 0.09 1.1 0.10

23-08 Scupper 8"X54" MLK 1019+80.00, 55.40' LT 0.01 0.90 0.01 0.01 7.67 0.1 0.1 0.2 12.0 0.005 0.008 7.9 0 0.06 0.25 0.82 0.50 0.13 -4.07 1.00 0.16 0.11 0.43 0.11 1.3 0.09

23-07 Scupper 8"X54" MLK 1019+70.00, 55.40' LT 0.01 0.90 0.01 0.01 7.67 0.1 0.2 0.2 12.0 0.005 0.010 7.5 0 0.07 0.27 0.91 0.50 0.15 -3.35 1.00 0.21 0.14 0.46 0.14 1.7 0.11

23-06 Scupper 8"X54" MLK 1019+60.00, 55.40' LT 0.01 0.90 0.01 0.01 7.67 0.1 0.3 0.3 12.0 0.005 0.012 7.3 0 0.09 0.33 1.05 0.50 0.19 -2.50 1.00 0.29 0.19 0.52 0.19 2.4 0.16

23-05 Scupper 8"X54" MLK 1019+50.00, 55.40' LT 0.01 0.90 0.01 0.01 7.67 0.1 0.4 0.5 12.0 0.005 0.013 8.0 0 0.11 0.43 1.17 0.50 0.23 -1.97 1.00 0.40 0.24 0.56 0.24 3.1 0.26

23-04 Scupper 8"X54" MLK 1019+40.00, 55.40' LT 0.01 0.90 0.01 0.01 7.67 0.1 0.6 0.7 12.0 0.005 0.015 8.5 0 0.13 0.55 1.33 0.50 0.27 -1.44 1.00 0.56 0.32 0.62 0.32 4.2 0.41

23-03 Scupper 8"X54" MLK 1019+30.00, 55.40' LT 0.01 0.90 0.01 0.01 7.67 0.1 1.0 1.1 12.0 0.005 0.017 9.2 0 0.15 0.71 1.50 0.50 0.33 -1.02 1.00 0.78 0.42 0.67 0.42 5.7 0.64

23-02 Scupper 8"X54" MLK 1019+20.00, 55.40' LT 0.03 0.90 0.02 0.02 7.67 0.2 1.3 1.5 12.0 0.005 0.019 9.9 0 0.18 0.90 1.68 0.50 0.40 -0.68 1.00 1.06 0.54 0.73 0.54 4.4 0.97

23-01 Scupper 8"X54" MLK 1019+00.00, 55.40' LT 0.13 0.90 0.12 0.12 7.67 0.9 1.1 2.0 12.0 0.005 0.020 10.4 0 0.21 1.09 1.84 0.50 0.46 -0.46 1.00 1.34 0.66 0.78 0.66 1.8 1.34

17-01 Scupper 8"X54" MLK 1017+97.00, 55.40' LT 0.13 0.90 0.12 0.12 7.67 0.9 0.8 1.7 12.0 0.005 0.020 9.8 0 0.20 0.96 1.76 0.50 0.43 -0.57 1.00 1.18 0.60 0.76 0.60 1.5 1.08

17 08 Scupper 8"X54" MLK 1017+00 00 55 38' LT 0 19 0 90 0 17 0 17 7 67 1 3 0 0 1 3 12 0 0 005 0 020 8 9 0 0 18 0 80 1 65 0 50 0 39 0 73 1 00 0 98 0 52 0 72 0 52 0 4 0 7917-08 Scupper 8 X54 MLK 1017+00.00, 55.38  LT 0.19 0.90 0.17 0.17 7.67 1.3 0.0 1.3 12.0 0.005 0.020 8.9 0 0.18 0.80 1.65 0.50 0.39 -0.73 1.00 0.98 0.52 0.72 0.52 0.4 0.79

17-05 Scupper 8"X54" MLK 1017+30.00, 31.00' RT 0.14 0.90 0.12 0.12 7.67 0.9 0.0 0.9 8.0 0.005 0.020 7.8 0 0.16 0.61 1.52 0.50 0.34 -0.98 1.00 0.75 0.43 0.68 0.43 0.5 0.50

17-04 Scupper 8"X54" MLK 1018+04.00, 31.00' RT 0.06 0.90 0.05 0.05 7.67 0.4 0.5 0.9 8.0 0.005 0.020 7.7 0 0.15 0.60 1.50 0.50 0.33 -1.02 1.00 0.73 0.42 0.67 0.42 1.6 0.47

17-03 Scupper 8"X54" MLK 1018+14.00, 31.00' RT 0.01 0.90 0.01 0.01 7.67 0.1 0.5 0.5 8.0 0.005 0.020 6.3 0 0.13 0.40 1.32 0.50 0.27 -1.48 1.00 0.48 0.31 0.61 0.31 6.1 0.22

17-02 Scupper 8"X54" MLK 1018+24.00, 31.00' RT 0.01 0.90 0.01 0.01 7.67 0.1 0.2 0.3 8.0 0.005 0.020 4.9 0 0.10 0.24 1.11 0.50 0.21 -2.20 1.00 0.26 0.21 0.54 0.21 4.1 0.06

27-25 Scupper 8"X54" MLK 1039+25.00, 1.00' RT 0.11 0.90 0.10 0.10 7.67 0.7 0.0 0.7 6.4 0.013 0.020 6.0 0 0.12 0.36 2.06 0.50 0.41 -0.61 1.00 0.69 0.29 0.59 0.29 0.4 0.46

27-24 Scupper 8"X54" MLK 1039+05.00, 1.00' RT 0.02 0.90 0.02 0.02 7.67 0.1 0.5 0.6 6.4 0.016 0.020 5.3 0 0.11 0.28 2.08 0.50 0.40 -0.68 1.00 0.55 0.24 0.55 0.24 2.5 0.34

27-23 Scupper 8"X54" MLK 1038+85.00, 1.00' RT 0.02 0.90 0.02 0.02 7.67 0.1 0.3 0.5 6.4 0.016 0.020 4.8 0 0.10 0.23 1.96 0.50 0.36 -0.84 1.00 0.44 0.21 0.53 0.21 2.1 0.25

27-22 Scupper 8"X54" MLK 1038+75.00, 1.00' RT 0.01 0.90 0.01 0.01 7.67 0.1 0.3 0.3 6.4 0.016 0.018 4.6 0 0.08 0.19 1.75 0.50 0.31 -1.18 1.00 0.32 0.16 0.49 0.16 2.3 0.17

27-21 Scupper 8"X54" MLK 1038+62.00, 1.00' RT 0.01 0.90 0.01 0.01 7.67 0.1 0.2 0.2 6.4 0.016 0.015 4.6 0 0.07 0.16 1.55 0.50 0.26 -1.61 1.00 0.24 0.12 0.45 0.12 1.8 0.12

27-20 Scupper 8"X54" MLK 1038+50.00, 1.00' RT 0.01 0.90 0.01 0.01 7.67 0.1 0.1 0.2 6.4 0.016 0.012 4.8 0 0.06 0.14 1.41 0.50 0.22 -2.00 1.00 0.19 0.10 0.41 0.10 1.4 0.10

27-19 Scupper 8"X54" MLK 1038+41.00, 1.00' RT 0.01 0.90 0.01 0.01 7.67 0.1 0.1 0.2 6.4 0.016 0.010 5.1 0 0.05 0.13 1.28 0.50 0.20 -2.42 1.00 0.16 0.08 0.39 0.08 1.3 0.09

27-30 Scupper 8"X54" MLK 1036+75, 43.38' RT 0.18 0.90 0.17 0.17 7.67 1.3 0.1 1.4 12.0 0.003 0.020 9.9 0 0.20 0.99 1.38 0.50 0.34 -0.99 1.00 0.94 0.62 0.76 0.62 0.6 0.74

27-27, 28, 29 Scupper 8"X54" Sag (Multiple Inlets) 0.08 0.90 0.07 0.07 7.67 0.5 2.1 2.7 12.0 0.001 0.020 12.0 0 0.24 1.44 1.86 0.50 0.49 -0.36 1.00 N/A 0.82 0.84 0.82 N/A N/A Per Chapter 22 of Bridge Drainage Manual 3 inlets are required.
27-26 Scupper 8"X54" MLK 1036+15, 43.38' RT 0.12 0.90 0.11 0.11 7.67 0.8 1.4 2.2 12.0 0.003 0.020 11.9 0 0.24 1.42 1.55 0.50 0.41 -0.63 1.00 1.34 0.81 0.84 0.81 2.4 1.40

25-05 Scupper 8"X54" MLK 1035+00, 43.38' RT 0.27 0.90 0.24 0.24 7.67 1.9 0.0 1.9 12.0 0.015 0.020 8.3 0 0.17 0.68 2.72 0.50 0.62 -0.09 1.00 1.45 0.46 0.70 0.46 0.3 1.39

RAMP N

24-02 Scupper 8"X54" Ramp N 604+50.00, 24.00 RT 0.31 0.90 0.28 0.28 7.67 2.1 0.0 2.1 12.0 0.016 0.020 8.7 0 0.17 0.75 2.86 0.50 0.66 -0.01 1.00 1.63 0.50 0.71 0.50 0.2 1.65

25-01 Scupper 8"X54" Ramp N 606+27.00, 24.00 RT 0.33 0.90 0.29 0.29 7.67 2.2 1.6 3.9 12.0 0.016 0.020 10.8 0 0.22 1.17 3.32 0.50 0.84 0.21 0.79 2.02 0.70 0.80 0.70 2.0 3.20

25-02 Scupper 8"X54" Ramp N 607+47.00, 24.00 RT 0.24 0.90 0.22 0.22 7.67 1.7 3.2 4.9 12.0 0.016 0.020 11.8 0 0.24 1.39 3.51 0.50 0.93 0.28 0.72 2.17 0.80 0.83 0.80 3.7 4.09

25-03 Scupper 8"X54" Ramp N 608+14.00, 24.00 RT 0.14 0.90 0.12 0.12 7.67 1.0 4.1 5.0 12.0 0.018 0.020 11.6 0 0.23 1.34 3.77 0.50 0.98 0.32 0.68 2.14 0.77 0.83 0.77 4.9 4.27

25-04 Scupper 8"X54" Ramp N 608+90.00, 24.00 RT 0.15 0.90 0.14 0.14 7.67 1.0 4.3 5.3 12.0 0.033 0.020 10.6 0 0.21 1.11 4.78 0.50 1.20 0.44 0.56 1035.64 0.67 0.79 0.67 4.9 4.65

RAMP S

25-07 Scupper 8"X54" Ramp S 508+50, 8.00' RT 0.46 0.90 0.42 0.42 7.67 3.2 0.1 3.3 8.0 0.012 0.020 10.6 0 0.21 1.13 2.88 0.50 0.73 0.08 0.92 1.99 0.68 0.79 0.68 0.3 2.58

RAMP NW

17-06 Scupper 8"X54" Ramp NW 415+00.00, 8' RT 0.42 0.90 0.38 0.38 7.67 2.9 0.1 3.0 8.0 0.009 0.035 7.7 0 0.27 1.03 2.88 0.50 0.80 0.16 0.84 2.03 0.96 0.89 0.89 0.4 2.07

17-07 Scupper 8"X54" Ramp NW 414+00.00, 8' RT 0.08 0.90 0.07 0.07 7.67 0.5 2.1 2.6 8.0 0.009 0.020 10.4 0 0.21 1.07 2.42 0.50 0.60 -0.11 1.00 1.75 0.65 0.78 0.65 3.3 1.94
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Elizabeth River Tunnels Project Summary of 30"-42" Culvert under I-264

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
30" Culvert D 4.68 98 0.9 4.21

1.75 93 0.85 1.49
28.34 80 0.3 8.50
1.40 92 0.45 0.63

36.15 83 CR 0.41 30

Weighted "C" (existing) 0.41
% impervious (existing) 30

Time of Concentration (Tc) = 40 minutes (See TOC calculation sheet)

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
30" Culvert D 7.31 98 0.9 6.58

1.82 93 0.85 1.55
24.25 80 0.3 7.28
1.40 92 0.45 0.63
1.37 100 1 1.37

36.15 86 CR 0.48 40

Weighted "C" (proposed) 0.48
% impervious (proposed) 40

Time of Concentration (Tc) = 53 minutes (See TOC calculation sheet)

Grass
Residential
Water

Industrial

Residential

Type
Pavement

Grass

CULVERT SUMMARY SHEET
EXISTING 30"/PROPOSED 30" CULVERT UNDER I-264 (Potters Field)

Type
Pavement
Industrial

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET
Checked by

Subject
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: 30" CULVERT UNDER 264 (Potters Field)

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Minutes
POND 14 Minutes

TOTAL Minutes

Elixabeth River Tunnels Project

219

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Grass
0.06

Pipes

3.61
0.010
0.18

Grass
100

0.001
1.15

0.024

Ditch
10.00 5.1
13.30 7.85
0.75 0.65

0.003 0.001
0.060 0.060
1.06 0.59
779 52
0.20 0.02
0.43

26.07

27
26
53

Parsons Brinckerhoff 6/5/2013
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Elizabeth River Tunnels Project Summary of 36" Storm Sewer under I-264

I.  DRAINAGE AREAS PRE/POST

PRE-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
36" Culvert D 23.26 98 0.9 20.93

0.12 93 0.85 0.10
1.52 80 0.3 0.46

149.24 92 0.45 67.16

174.14 93 CR 0.51 44

Weighted "C" (existing) 0.51
% impervious (existing) 44

Time of Concentration (Tc) = 108 minutes (See TOC calculation sheet)

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
36" Culvert D 23.00 98 0.9 20.70

0.12 93 0.85 0.10
1.78 80 0.3 0.53

149.24 92 0.45 67.16
0.00 100 1 0.00

174.14 93 CR 0.51 44

Weighted "C" (proposed) 0.51
% impervious (proposed) 44

Time of Concentration (Tc) = 108 minutes (See TOC calculation sheet)

Grass
Residential
Water

Industrial

Residential

Type
Pavement

Grass

CULVERT SUMMARY SHEET
36" CULVERT UNDER I-264

Type
Pavement
Industrial

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET Date
Checked by

Subject Date
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: 36" Culvert (Storm Sewer) under 264

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Use Minutes

Downtown Tunnel-Midtown Tunnel-MLK Expressway Extension

300

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Grass
0.05

Pipes

3.61
0.002
0.35

Paved
595

0.002
1.00

0.165

Ditch
10.00 5.1
13.30 7.85
0.75 0.65

0.005 0.003
0.060 0.060
1.45 1.02

107.03

108

400 4348
0.08 1.19
1.78

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Summary of Ex Ditch near CSX

I.  DRAINAGE AREAS

POST-DEVELOPMENT

Area Soil Type Area (acres) CN CR CRA Isite
EX CSX DITCH D 0.06 98 0.9 0.05

3.82 93 0.85 3.25
5.71 80 0.3 1.71
0.81 92 0.45 0.36
0.00 100 1 0.00

10.40 86 CR 0.52 45

Weighted "C" (proposed) 0.52
% impervious (proposed) 45

Time of Concentration (Tc) = 48 minutes (See TOC calculation sheet)

Grass
Residential
Water

Industrial

Type
Pavement

STORMWATER MANAGEMENT POND SUMMARY SHEET
EXISTING DITCH SOUTH OF CSX PROPERTY

Parsons Brinckerhoff 6/5/2013



Elizabeth River Tunnels Project Time of Concentration Calculations

Page of

PARSONS BRINCKERHOFF Made by

COMPUTATION SHEET Date
Checked by

Subject Date
PB PROJECT NO. 173513A

TIME OF CONCENTRATION (Tc) OR TRAVEL TIME (Tt)  

Drainage Basin: Existing CSX Ditch 

SHEET FLOW
1 Surface Description
2 Mannings Roughness Coefficient, n
3 Flow Length, L (total L , 300') ft
4 Two-year, 24hr. Rainfall, P2 in
5 Land Slope, s ft/ft
6 Tt = 0.007(nL)0.8/P2

0.5s0.4) Compute Tt hr

SHALLOW CONCENTRATED FLOW
7 Surface Description (paved or unpaved)
8 Flow Length, L ft
9 Watercourse Slope, s ft/ft
10 Average Velocity, V ft/s
11 Tt=L/(3600*V) Compute Tt hr

CHANNEL FLOW
12 Cross Sectional Area ft2

13 Wetted Permiter, Pw ft
14 Hydraulic Radius, Rh=a/Pw ft
15 Channel Slope, s ft/ft
16 Mannings Open Channel Flow Coefficient, n
17 V=(1.486/n)*Rh

2/3*s1/2 ft/s
18 Flow Length, L ft
19 Tt=L/(3600*V) hr
20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) hr

min

Use Minutes

Elizabeth River Tunnels Project

300

1 1

Melissa Pritchard

Lewis White

Norfolk/Portsmouth, VA
Post Development Tc Calculations

Grass
0.05

Pipes

3.61
0.003
0.33

Gravel
145

0.002
1.00

0.040

Ditch
2.00 5.1
5.20 7.85
0.45 0.65

0.003 0.003
0.045 0.060
1.01 1.02

47.07

48

1512 0
0.42 0.00
0.78

Parsons Brinckerhoff 6/5/2013
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